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ABSTRACT 
This t h e s i s describes the development of a gas s c i n t i l l a t i o n 
d r i f t counter as a high counting rate X-ray detector. The new device 
i s a modified version of the gas s c i n t i l l a t i o n counter which i s capable 
of working i n a d i g i t a l mode at a quite high rate without producing 
space charge e f f e c t s . 
A gas s c i n t i l l a t i o n d r i f t counter has been b u i l t to investigate 
i t s behaviour using a gas mixture of argon and nitrogen. S c i n t i l l a t i o n 
and transport properties of the gas mixture have been studied using an 
241 55 Am a - p a r t i c l e source and a (Fe ) 5.9 keV radioactive X-ray source 
i n order to obtain optimum r e l a t i v e compositions of argon and nitrogen. 
The e f f e c t s of various operating parameters on the energy resolution of 
the counter and the c h a r a c t e r i s t i c s of output pulses have been 
extensively studied. When deciding on the counter parameters and 
operating conditions, a s p e c i a l emphasis has been placed on conditions 
which produce a minimum of space charge around the anode, and small 
pulse-widths. 
Pulse response, gain variations with counting rate and s t a b i l i t y 
of the RCA 8575 photomultiplier used to detect s c i n t i l l a t i o n l i g h t have 
been investigated using a l i g h t emitting diode pulser, a constant l i g h t 
source and primary s c i n t i l l a t i o n pulses from 6.9 keV X-rays. An 
increase i n the amplitude of output pulses and a change i n the dynode 
potentials with pulsing rate have been observed when operating the photo-
tube with a r e s i s t i v e potential d i s t r i b u t i o n network attached to i t s 
dynodes. These variatio>is have been s u c c e s s f u l l y eliminated by s t a b i l -
i s i n g the dynode potentials using emitter follower configurations. 
i 
j An energy resolution of 30% has been obtained using 5.9 keV 
X-rays with a gas amplification factor of about 20. Tests which have been 
done using cobalt K X-rays reveal that the resolving time of the counter 
system increases with the anode voltage and for a f i x e d discrimination 
l e v e l of 25 mV i t v a r i e s from 43 ns a t the anode voltage of 2600 V to 
67 ns at 3000 V. An energy resolution of 40% has been obtained with 
cobaltK X-rays at a counting rate of 6 MHz and with a gas amplifica-
t i o n factor of 15. The c h a r a c t e r i s t i c s of the s c i n t i l l a t i o n pulses 
are found to be degraded with increasing i n t e n s i t y of the X-ray beam 
because of coincident events. However, a counting rate of 9.5 MHz has 
been achieved with t h i s counter at the expense of i t s energy re s o l u t i o n . 
i i 
CONTENTS 
Pacje 
ABSTRACT 
CHAPTER ONE INTRODUCTION 1 
1.1 C l a s s i f i c a t i o n of Photon Counters 1 
1.2 proportional Counters at High Count-Rate 2 
1.3 Gas S c i n t i l l a t i o n Proportional Counters 3 
1.4 Evolution of the GSPC 4 
1.5 Present Applications of GSPC 7 
1.6 The GSDC as a High Rate Counter 8 
1.7 Present Work 10 
References 12 
CHAPTER TWO SCINTILLATION PROPERTIES OF GAS MIXTURES 14 
2.1 Introduction 14 
2.2 S c i n t i l l a t i o n Mechanism 14 
2.3 S c i n t i l l a t i o n Emission Spectra of Noble 
and Molecular Gases 16 
2.4 The S c i n t i l l a t i o n Decay Times 17 
2.5 S c i n t i l l a t i o n E f f i c i e n c i e s 18 
2.6 Wavelength S h i f t e r s 21 
2.7 S c i n t i l l a t i o n Properties of Gas Mixtures 23 
2.8 Secondary S c i n t i l l a t i o n Process i n Gas 
Mixtures 27 
2.9 The Electron Impact E x c i t a t i o n of 
Argon-Nitrogen 29 
3 
2.10 Deactivation of the C ir State of Nitrogen 31 
u 
2.11 The E f f e c t of Quenching Processes on the 
S c i n t i l l a t i o n Pulse 33 
References 36 
CHAPTER THREE 
Page 
CONSTRUCTION AND OPERATION OF GAS 
SCINTILLATION DRIFT COUNTERS 38 
3.1 Introduction 38 
3.2 Design Considerations 38 
3.2.1 Counter Design 42 
3.2.2 Wire Plane Configuration 43 
3.2.3 D r i f t Chamber Dimensions 43 
3.2.4 Construction of the Counter 44 
3.3 Application of the E l e c t r i c F i e l d s 47 
3.4 The Gas Mixing System 48 
3.5 Pulse Formation 49 
3.6 Space Charge Gain Limitations 52 
3.7 Diffusion of Electrons 54 
3.8 Pulse Width and Height Measurements 56 
3.8.1 Variation of Pulse Width and Height 
with D r i f t Distance 56 
3.8.2 Variation of Pulse Width and Height 
with D r i f t F i e l d 58 
3.8.3 Variation of Pulse Height with the 
Energy of Incident Photons 58 
References 60 
CHAPTER FOUR SOME PROPERTIES OF THE ARGON-NITROGEN GAS MIXTURE 61 
4.1 Introduction 61 
4.2 D r i f t Velocity Measurements 61 
4.2.1 Experimental Set-up 63 
4.2.2 Experimental Results 65 
4.2.2 (a) E f f e c t of the Anode Wire Po t e n t i a l 
on the D r i f t Time 65 
4.2.2 (b) D r i f t Velocity as a Function of 
D r i f t F i e l d 66 
4.2.2 (c) D r i f t Velocity as a Function of 
Nitrogen Concentration 67 
4.2.3 Comparison with Other Results 67 
4.2.4 Calculation of D r i f t Velocity for 
Different Nitrogen Concentrations 68 
4.3 Secondary S c i n t i l l a t i o n Light Gain 73 
4.3.1 Experimental Arrangement 74 
4.3.2 Results (a) Light Gain 75 
(b) Primary S c i n t i l l a t i o n 
Light Output 77 
(c) Charge Gain 77 
Page 
CHAPTER FOUR Cont'd 
4.4 Choice of the Operating Parameters 79 
4.4.1 (a) The Optimum Value for Nitrogen 
Concentration i n the Gas Mixture 79 
4.4.1 (b) E f f e c t of Other Molecular Gases 
on the Pulse Width 81 
4.4.2 Anode Wire Diameter 83 
References 85 
CHAPTER FIVE OPERATION OF PHOTOMULTIPLIERS AT HIGH COUNT RATE 87 
5.1 Introduction 87 
5.2 Factors Affecting the Performance of a 
Photomultiplier 87 
5.2.1 Dark Currents 87 
5.2.2 Feedback E f f e c t s and After-Pulses 88 
5.2.3 Saturation E f f e c t s 89 
5.2.4 Fatigue 89 
5.2.5 Grain Variation with Count Rate 90 
5.3 Evaluation of an RCA 8575 Phototube 90 
5.3.1 Dynode Potential D i s t r i b u t i o n Network 92 
5.3.2 Experimental Set-up 94 
5.3.3 Results 94 
5.4 S t a b i l i s a t i o n of Dynode Potentials Using 
an Active Potential Divider 97 
5.4.1 Calculation of Resistance Values 97 
5.4.2 Design of the Pot e n t i a l Divider 98 
5.5 Performance of the PM with an Active 
Potential Divider 99 
5.5.1 Variation of Interdynode Voltages 
with Anode Current 99 
5.5.2 Variation of Pulse Height with 
Pulsing Rate 101 
5.6 Measurements on After-Pulsing 102 
5.7 Photomultiplier Pulse Response 103 
5.8 Measurement of Pulse Response 104 
References 106 
Page 
CHAPTER SIX TESTS ON ENERGY RESOLUTION AND COUNTING 
CAPABILITY OF THE G.S.D.C. 107 
6.1 Introduction 107 
6.2 Basic Ideas of Energy Resolution 107 
6.3 Performance of the GSDC at Moderate 
Counting Rates 111 
6.3.1 Dependence of the Energy Resolution 
on the Distance of the X-ray Beam 
from the Anode Wire 112 
6.3.2 Variation of the Energy Resolution 
with Anode Voltage 113 
6.3.3 Variation of the Energy Resolution 
with Photomultipller Voltage 115 
6.3.4 Variation of Energy Resolution with 
D r i f t F i e l d 115 
6.4 Data Acquisition at High Counting Rates 116 
6.4.1 E l e c t r o n i c Scheme for Pulse Height 
Measurements a t High Rate 116 
6.4.2 E f f e c t of Gating on the Energy 
Resolution 118 
6.5 Performance of the Counter a t Moderate 
Pulsing Rates 120 
6.5.1 Counting C h a r a c t e r i s t i c s 120 
6.5.2 Variation of Pulse Height and Energy 
Resolution with Count Rate 121 
6.6 Performance of the Counter a t High Rates 121 
6.6.1 The X-ray Source 121 
6.6.2 Experimental Set-up 122 
6.7 Results 123 
6.7.1 Counting C h a r a c t e r i s t i c s a t High 
Rate 123 
6.7.2 Counting S t a t i s t i c s 124 
6.7.3 Correction of the Observed Counting 
Rates 126 
6.7.4 Peak S h i f t and Energy Resolution at 
High Rate 128 
6.8 Conclusion 131 
References 133 
Page 
CHAPTER SEVEN CONCLUSION AND FUTURE WORK 134 
7.1 Conclusion 134 
7.2 Further Developments 139 
7.3 Applications of the GSDC 140 
References 143 
APPENDIX 1 144 
ACKNOWLEDGEMENTS 145 
CHAPTER ONE 
INTRODUCTION 
With the advent of high i n t e n s i t y radiation sources, the p a r t i c l e 
detection technology has advanced considerably. New p a r t i c l e detectors 
have been invented and remarkable improvements have been made i n data 
a c q u i s i t i o n methods. Fast detectors with q u a l i t i e s such as good energy 
and s p a t i a l resolution and nano second e l e c t r o n i c s have been the obvious 
choices i n most high energy applications. One such application which 
requires detectors with such q u a l i t i e s i s the newly developed synchrotron 
radiation research. Synchrotron radiation i s emitted when an electron or 
positron experiences a r a d i a l acceleration. The c h a r a c t e r i s t i c s of the 
radiation emitted from the l a t e s t electron storage rings show that the 
emission i s white and mainly confined to the X-ray and vacuum u l t r a v i o l e t 
(VUV) regions. The i n t e n s i t y of these radiations i s a few orders of 
magnitudes higher than that emitted by the most powerful X-ray machines 
and they have no competitors i n the VUV region. A t y p i c a l i n t e n s i t y 
spectrum of the synchrotron radiation emitted by a modern storage ri n g i s 
shown i n figure 1. Most of the synchrotron rad i a t i o n work, for example 
investigation o f extended X-ray fine structure' (EXAFS) and researches on 
b i o l o g i c a l materials require high rate counting devices with reasonable 
energy resolution. However, the s t a t i s t i c a l nature of the occurrence of 
i n t e r a c t i o n events makes the r e a l i s a t i o n of the above requirements more 
and more d i f f i c u l t at high f l u x r a t e s . Hence a f a s t detector with a very 
short output pulse width i s required to meet t h e i r demands. 
1.1 CLASSIFICATION OF PHOTON COUNTERS 
The conditions under which ionizing events f a i l to be recorded 
depend on the c h a r a c t e r i s t i c s of the counter and i n t h i s respect photon 
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counting systems can be broadly divided into two major categories. I n e 
f i r s t of the two typon i s the paralyzable counter which i s unnble to 
provide a second output pulse unless there i s a time i n t e r v a l , p , c a l l e d 
the dead time of the counter a f t e r an i n i t i a l event. Examples of 
paralyzable counters are Geiger-Muller counters and f l a s h tube detectors. 
The second type i s the non-paralyzable counter. With contrast to the 
former type i t does not exhibit complete p a r a l y s i s . 
Examples of t h i s type are s c i n t i l l a t i o n counters, proportional counters 
and i o n i s a t i o n chambers. However, the performance of proportional counters 
at high rate deviates s l i g h t l y from t h i s non-paralyzable behaviour due to 
the formation of space charge around the anode wire. This e f f e c t w i l l be 
described l a t e r i n t h i s chapter. 
1.2 PROPORTIONAL COUNTERS AT HIGH COUNT-RATE 
Perhaps at f i r s t sight, the choice one would make out of the non-
paralyzable detectors for high rate s o f t X-ray counting and energy measure-
ments would be the proportional counter. After the pioneering work of 
(2) 
Charpak and collaborators at CERN and by a large number of other groups 
a l l over the world the proportional chamber has become one of the f a s t e s t 
detectors used in high energy physics experiments. 
The proportional counter consists e s s e n t i a l l y of a c y l i n d r i c a l 
cathode or two p a r a l l e l cathode planes and a very th i n anode wire at the 
centre, see F i g . ( 2 ) . Ionizing p a r t i c l e s traversing the counter produce 
electron - i o n p a i r s i n the gas. A strong p o s i t i v e potential applied to the 
anode wire accelerates the electrons to produce avalanche m u l t i p l i c a t i o n s 
around the wire. A l l the free electrons thus created are c o l l e c t e d at the 
anode during a very short period and they produce a f a s t current s i g n a l 
at the detector output. I n the proportional region of the counter, the 
2 
Ionizing radiation 
Cathodes / (planar or / cylindrical) 
Anode wire 
FIG.2 Section through proportional counter 
voltage signal i s proportional to the i o n i s a t i o n deposited by the 
(3) 
incoming p a r t i c l e . However i t has been observed that the output 
pulse from a c y l i n d r i c a l proportional chamber ceases to be s t r i c t l y 
proportional to the i n i t i a l i onisation when the absolute value of the 
output charge exceeds some c r i t i c a l value, Q, which corresponds to 
g 
losing ^10 eV i n the gas of the counter i f there were no charge a m p l i f i c a -
t i o n . I t i s c l e a r from t h i s r e s u l t that the avalanche m u l t i p l i c a t i o n i n 
proportional counters imposes a l i m i t to the radiation handling capacity 
of the counter. This e f f e c t can be understood as being due to the forma-
tio n of space charge around the anode wire by the slow moving p o s i t i v e ions 
which reduce the l o c a l e l e c t r i c f i e l d around the wire. This e f f e c t not 
only degrades the energy resolution of the detector at high flux r a t e s , 
but also reduces the amplitudes of the output pulses with the r a t e . 
Figure 3 shows the reduction of pulse heights of 5.9 keV X-rays with count-
(4) 
ing rate i n a d r i f t proportional chamber , for several anode p o t e n t i a l s . 
(5) 
The drop i n pulse height with counting rate also has a dependence 
on the energy of the incident X-rays. This e f f e c t has been demonstrated^ 
by using 5.9 keV and 6.9 keV X-rays and i s shown i n Figure 4. A l l these 
factors c l e a r l y suggest not only that conventional proportional counters 
are incapable of handling large flux r a t e s , but also indicates that the 
a b i l i t y of gaseous counters to operate at high count rates mainly depends on 
suppression of the space charge formation inside the counter. 
1.3 GAS SCINTILLATION PROPORTIONAL COUNTERS 
One of the remarkable achievements i n gaseous detector technology 
i s the gas s c i n t i l l a t i o n proportional counter (GSPC). Apart from i t s 
other a t t r a c t i v e properties as a high rate counter the GSPC provides an 
a l t e r n a t i v e solution to space charge problems i n conventional proportional 
counters. The basic operation of the gas s c i n t i l l a t i o n proportional counter 
3 
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i s such that when a photon i s p h o t o e l e c t r i c a l l y absorbed i n a gas the 
r e s u l t i n g free electrons are d r i f t e d towards a high f i e l d region where 
they acquire enough k i n e t i c energy to excite gas atoms. The f i e l d 
strength i s kept below the l i m i t at which charge amplification occurs. 
The excited gas atoms i n the high f i e l d region emit photons through 
ra d i a t i v e de-excitation, these being mainly i n the VUV region and observed 
with a photomultiplier. A schematic diagram of a GSPC i s shown i n Figure 1 
°f Chapter three. An anode i n the form of a wire i s used to produce the 
high f i e l d region. The development of such a counter as a f a s t X-ray 
detector i s the object of the work described i n t h i s t h e s i s . 
1.4 EVOLUTION OF THE GSPC 
Passage of ionizing radiation through a gas r e s u l t s i n the i o n i z a -
tion and excitation of i t s molecules. The excited molecules d i s s i p a t e 
t h e i r energy e i t h e r by c o l l i s i o n a l , by i n t e r n a l quenching processes or by 
emission of photons in the v i s i b l e or u l t r a v i o l e t region. Such lumin-
escence emission i s a well known phenomenon. The early studies on lumin-
escence radiation goes way back to the year 1903 when S i r William and Lady 
Huggins reported t h e i r work on emission the spectrum of l i g h t from an 
210 
a - p a r t i c l e emitter, Po , using spectrometers and photographic techniques. 
Although a few other a u t h o r s ^ have studied s i m i l a r types of spectra, 
the second phase of the work was not reported u n t i l the advent of s e n s i t i v e 
photomultipliers. I n 1949 Auderbert and Lormeau* 1 1*, and i n 1951 Grun 
(12) 
and Schopper employed photomultipliers to investigate qu a n t i t a t i v e l y the 
emission of tr a n s i e n t l i g h t pulses during a passage of a - p a r t i c l e s through 
(13) 
nitrogen and other gases. Similar studies have been reported by A Ward 
Their r e s u l t s indicated that the l i g h t y i e l d from nitrogen and argon i s 
about 100 times greater than that from other gases such as hydrogen, oxygen 
and carbon dioxide. They also observed a drop i n the luminescence emissions 
4 
with increasing pressure i n a l l gases which they studied. 
Another major step towards the development of the GSPC was 
(14-15) 
reported by Koch i n 1958 and 1960. She studied the influence 
of a uniform e l e c t r i c f i e l d on the luminescence of xenon at atmospheric 
pressure excited by 4.7 MeV a - p a r t i c l e s . The s c i n t i l l a t i o n emission was 
observed with a quartz window photomultiplier. She found a major l i g h t 
amplification e f f e c t ; that i s an increase i n the s c i n t i l l a t i o n pulse 
height with increase i n the applied e l e c t r i c f i e l d . Koch's r e s u l t s of 
the m u l t i p l i c a t i o n c o e f f i c i e n t as a function of the e l e c t r i c f i e l d are 
shown i n Figure 5. The shape of the s c i n t i l l a t i o n pulses are shown i n 
Figure 6. I t i s seen that the amplified l i g h t pulse c o r s i s t s of two 
components: 
(a) A prompt primary component with r i s e time <20nS 
(b) A secondary component delayed by a time t 5~10u sec r e l a t i v e 
to the prompt component. 
These e f f e c t s were observed to occur even when the applied e l e c t r i c 
f i e l d was i n s u f f i c i e n t to produce charge m u l t i p l i c a t i o n . Koch proposed 
that the secondary component was due to the electrons l i b e r a t e d by the 
a - p a r t i c l e acquiring s u f f i c i e n t energy under the influence of the f i e l d to 
excite, but not to ionize, the atoms of the gas. The secondary component 
was thus attributed to excitation of the gas by electrons accelerated by the 
(16) 
f i e l d . This phenomenon has been confirmed by Conde and Policarpo using 
a counter s i m i l a r to the c y l i n d r i c a l proportional counter, and a photo-
m u l t i p l i e r . 
The r e a l breakthrough i n the developemnt of gas s c i n t i l l a t i o n prop-
o r t i o n a l counter i n i t s present form came with the work by the Portuguese 
(17—19) 
group headed by Policarpo. In order to optimise the detection of 
the emitted l i g h t , they made a systematic study of the parameters such as 
5 
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gas mixtures, e x c i t a t i o n f i e l d s , d i f f e r e n t counter geometries and wave-
length s h i f t e r s which s h i f t t ho wavelength of the omitted l i g h t to t he 
range i n which the photomultipllor has i t s maximum s e n s i t i v i t y , a n d f i n a l l y 
they reached a stage where they could see a considerable l i g h t output 
without any charge amplification i n the gas. The major outcome of t h e i r 
work can be summarised as follows. 
(1) The amount of l i g h t output per u n i t energy l o s s i s about 
one hundred times higher than i n a Nal(Tl) c r y s t a l . 
(2) The improvements i n s t a t i s t i c a l fluctuations due to the lack 
of charge amplification process leads to a better energy resolution 
than i n proportional counters. The authors obtained 8.5% (fwhm) 
for 5.9 keV X-rays instead of the more usual 15% with charge 
amplification. 
A s e r i e s of further developments on chambers with d i f f e r e n t 
geometries such as with a low f i e l d d r i f t space and a region of l i g h t 
a m p l i f i c a t i o n a n d chambers s i m i l a r to Charpak type proportional and 
(21-22) 
d r i f t chambers demonstrate the geometrical f l e x i b i l i t y of the GSPC. 
To f i n d a sui t a b l e gas or gas mixtures which can be used i n a GSPC, various 
combinations of Xe, Ar, He, Kr, isobutane, N , CH , CO, C0_, and 0 0 have 
(22-27) 
been investigated by several workers . I n p a r t i c u l a r Thies s and 
(27) 
Miley extensively studied the o p t i c a l l i n e and band emission from both 
atomic and molecular states i n a gas s c i n t i l l a t i o n proportional counter 
using pure He, Ne and Ar, mixtures of these three gases and also with small 
2 *V "2 a d d i t i v e s o f H„, f ^ , 0 o, CO, Kr, and Xe. 
While considerable work * 2 8 has been done to explain the behaviour 
of a c y l i n d r i c a l proportional counter (charge a m p l i f i c a t i o n ) , the l i g h t 
production mechanism i n a GSPC has so f a r not been properly analysed. Most 
of the studies on l i g h t amplification processes around the anode were made 
6 
by using wavelength s h i f t e r s and photomultipliers of d i f f e r e n t s p e c t r a l 
windows. Thus the r e s u l t s obtained merely present a q u a l i t a t i v e under-
standing of the i n t e r a c t i o n mechanism, i n fa c t the detected si g n a l was 
several steps away from the i n i t i a l stages of i n t e r a c t i o n of the io n i z i n g 
radiation with the gas. The f i r s t attempt to explain the o p t i c a l emission 
(23) 
i n the gas s c i n t i l l a t i o n counter was by Policarpo et a l who investigated 
the o p t i c a l t r a n s i t i o n s i n the Ar + s c i n t i l l a t i o n proportional counter, 
employing a set of o p t i c a l f i l t e r s between the photo tube and the counter. 
1.5 PRESENT APPLICATIONS OF GSPC 
In the f i e l d of p a r t i c l e detection, a unique p o s s i b i l i t y i s offered 
by the gas s c i n t i l l a t i o n counter (GSC). I t i s the i d e n t i f i c a t i o n of p a r t i c l e s 
according to the ionization l o s s . Even i n the very high energy range 
2 dE 
(E >> 2mQC ) , while — for other s c i n t i l l a t o r s changes s l i g h t l y , a s i g n i f i -
cant increase i n — can be seen with the gas s c i n t i l l a t o r s ^ . The 
dx 3 dx 
curve for a krypton f i l l e d gas s c i n t i l l a t i o n counter i s shown i n Figure 7. 
The GSPC i s s t i l l i n i t s development stages. So f a r most of i t s 
applications have been confined to nuclear physics experiments. The use of 
the gas s c i n t i l l a t i o n counter as a two dimensional X-ray imaging device has 
, (32) 
been reported by Paul Gorenstein . I t s a b i l i t y to r e j e c t background 
events i n a space environment and i t s energy resolution for soft X-rays are 
(33) 
already being considered for applications i n X-ray astronomy and space 
(34) 
experiments . I t i s also worth mentioning that although i t has promising 
features as a high rate counter, so far a l i t t l e attention has been paid to 
(22) 
t h i s f a c t by other workers except Charpak , who has demonstrated i t s X-ray 
6 2 
photon counting a b i l i t y up to 2 x 10 /sec/mm . Instead of an ordinary GSPC 
Charpak has used a gas s c i n t i l l a t i o n d r i f t chamber (GSDC) i n h i s studies. 
I t i s a development of the GSPC and the only difference between two types 
i s that i n the GSDC an additional e l e c t r i c f i e l d i s applied to increase the 
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f i e l d i n the regions which are away from the anode wire. This f i e l d 
i s created i n the chamber by applying a negatively increasing potential 
to the cathode wires»starting from the wires above and below the anode 
wire. Although the p r i n c i p l e s of operations of the GSDC are the same 
as those of GSPC, t h i s device has an added advantage that the X-rays 
converted away from the anode wire are d r i f t e d quickly towards the wire 
and produce much shorter pulses than those i n a GSPC. A det a i l e d descrip-
t i o n of t h i s device including the application of a d r i f t f i e l d w i l l be 
presented i n Chapter three. 
1.6 THE GSDC AS A HIGH RATE COUNTER 
In f a s t X-ray counting the gaseous s c i n t i l l a t i o n counter has a 
number of advantages over other counters. F i r s t l y gas s c i n t i l l a t o r s are 
among the f a s t e s t of the s c i n t i l l a t o r materials. The o p t i c a l coupling 
of the output together with other excellent properties such as very high 
gain, low output noise l e v e l and very f a s t response, of the photomultiplier 
make the GSDC extremely low noise and operational i n noisy ( e l e c t r i c a l ) 
environments. The low noise l e v e l of a gaseous counter i s an important 
factor which allows the counter to operate at low pulse heights ( i . e . low 
space charge l e v e l s ) and thereby to reach high count r a t e s . Another 
remarkable property of the gas s c i n t i l l a t i o n proportional counter i s that 
the pulse shape and r i s e time are independent of the counter capacitance. 
This i s extremely useful when building large area detectors. 
The competitors to GSDC's i n f a s t X-ray spectroscopy are s c i n t i l l a -
t i o n counters, semiconductor detectors and proportional counters. The 
ion i z a t i o n chamber, although i t seems to be the only counter that can cope 
with extremely high count rat e s , s u f f e r s two major drawbacks, i n x-ray 
spectroscopy. They are the lack of energy resolution and f a i l u r e to provide 
a d i g i t a l output. 
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Compared to the gaseous detectors, the energy resolution of 
i 
s c i n t i l l a t i o n counter for X-rays i s generally poor (300 eV per photo-
electron at the photo cathode of a photomultlplier versus 30 eV per 
ion-electron p a i r where r e l a t i v e energy resolution i s proportional to 
(signal) . Furthermore the organic, p l a s t i c and l i q u i d s c i n t i l l a t o r s 
which are the only su i t a b l e s c i n t i l l a t o r s f or f a s t work have r e l a t i v e l y 
low luminous e f f i c i e n c y i n the X-ray region. On the otherhand for a given 
energy l o s s the amount of l i g h t produced by the gas s c i n t i l l a t o r s i n 
secondary s c i n t i l l a t i o n process i s two order of magnitude larger than that 
produced by Nal (Tjt) which i s the most e f f i c i e n t s c i n t i l l a t o r among 
the s o l i d and l i q u i d s c i n t i l l a t o r f a m i l i e s . 
The semiconductor detectors,however, s t i l l r e t a i n s i t s position as 
the detector with best energy resolution (^3 eV per electron-hole p a i r ) . 
Apart from i t s excellent energy resolution, semiconductor detectors have 
a number of other advantages such as f a s t r i s e times (lo ns) , i n s e n s i t i v i t y 
of pulse height to counting rate, windowless operation and l i n e a r response 
sew ico*>4uc4oir 
for a wide range of energies. But the s c i n t i l l a t i o n detector i s generally 
unattractive for high i n t e n s i t y X-ray spectroscopic studies due to two 
major disadvantages. 
(1) I t i s l i a b l e to radiation damage. The l i t h i u m d r i f t e d 
detectors are e s p e c i a l l y radiation damage s e n s i t i v e because of 
t h e i r low i n t e r n a l f i e l d s and consequent short trapping lengths. 
(2) The slow r i s e times of large area detectors. The r i s e time 
i s determined by the depletion layer capacitance and the r e s i s t a n c e 
of the detector. 
c = ^ -
depl 4TTW A- Junction area 
K- D i e l e c t r i c constant 
W- Depletion l a y e r thickness. 
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1.7 PRESENT WORK 
This t h e s i s describes the development of the gas s c i n t i l l a t i o n d r i ft 
proportional counter as a high rate counter. The investigations were 
mainly aimed at the following objectives : 
( i ) Minimization of the secondary l i g h t pulse width. 
( i i ) Optimization of the secondary l i g h t production and 
obtaining a modest value for the energy resolution which 
change as l i t t l e as possible with count rate (for X-rays). 
The width of. the secondary s c i n t i l l a t i o n pulse i s determined by 
the s c i n t i l l a t i o n properties of the gas and the time taken by the primary 
electrons to d r i f t across the l i g h t producing region. The properties of 
gas s c i n t i l l a t o r s indicate that the addition of small quantities of 
molecular gases to pure atomic (noble) gases greatly reduces the width of 
the s c i n t i l l a t i o n pulse. I t was apparent from data a v a i l a b l e on gas 
s c i n t i l l a t o r s that an argon-nitrogen mixture possessed the a t t r a c t i v e 
features of a ' f a s t ' gas s c i n t i l l a t o r . The general properties of gas 
s c i n t i l l a t o r s and the factors which led to choose argon-nitrogen mixture 
for t h i s study w i l l be discussed i n the next chapter. The p r i n c i p l e s of 
operation of GSPC w i l l also be discussed i n a l a t e r chapter. 
The properties of gas mixtures have been studied i n order to f i n d 
a s u i t a b l e composition which y i e l d s a high secondary s c i n t i l l a t i o n output 
with small pulse width. The ba s i c properties of the GSDC including output 
pulses and the e f f e c t of the anode wire diameter on the counter performance 
have also been investigated to obtain the optimum counter parameters. 
The photomultiplier plays an important role i n t h i s work. I t s 
performance was tested a t high rate using a l i g h t emitting diode pulser. 
I t was c l e a r from the data a v a i l a b l e on the performance of photomultipliers 
(PM) that the PM gain was a function of the count r a t e because of the 
10 
v a r i a t i o n s of dynode potentials supplied by ordinary r e s i s t i v e p otential 
d i s t r i b u t i o n networks with count rate. This e f f e c t has been investigated 
and t h e p o t e n t I n ! d l Ht r i b n t I o n ne twork wnn m o d i f i e d I n H l n b l l l M e I 11*-* <|.i ln. 
F i n a l l y the system has been tested with radioactive X-ray sources and 
an X-ray machine. The r e s u l t s of these investigations w i l l be described 
i n appropriate chapters. The ele c t r o n i c s used i n the data a c q u i s i t i o n 
w i l l also be described. 
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CHAPTER TWO 
SCINTILLATION PROPERTIES OF GAS MIXTURES 
2.1 INTRODUCTION 
The s p e c t r a l emission following a passage of i o n i z i n g radiation 
or an e l e c t r i c a l discharge through gases has been known for many decades. 
The investigation of such processes have received increasing i n t e r e s t over 
the l a s t few years since they seem to be important i n the understanding of 
the atmosphere of our own planetary system. I n addition these reactions 
represent extremely important e x c i t a t i o n mechanisms i n l a s e r systems such 
1 2 
as Ne-He and A r - ^ a n c* a s mentioned i n chapter one, they also play an 
important r o l e i n the development of gas s c i n t i l l a t i o n proportional counters. 
The early studies on gas s c i n t i l l a t o r s revealed the importance of noble gases 
over other gases. They became very a t t r a c t i v e i n s c i n t i l l a t i o n studies 
because of t h e i r r e l a t i v e l y low energy expenditure per ion p a i r , high and 
constant l i g h t output per unit energy l o s s and high absorption c o e f f i c i e n t 
for i o n i z i n g radiation. The following discussion i s therefore mainly 
confined to the noble gases and t h e i r mixtures with molecular gases. 
2.2 SCINTILLATION MECHANISM 
At room temperature most of the molecules i n a molecular gas 
occupy the lowest v i b r a t i o n a l l e v e l of t h e i r e l e c t r o n i c ground s t a t e ( l e v e l 
0 of S q i n Figure 1 ) , and from there the t r a n s i t i o n s take place upwards 
on absorption c f energy. Once a molecule i s i n an excited state i t can 
decay to a lower energy s t a t e , including the ground state,by three d i f f e r e n t 
processes : 
(1) Radiationless t r a n s i t i o n s from one e l e c t r o n i c s t a t e to another, 
(2) Radiative t r a n s i t i o n s between e l e c t r o n i c s t a t e s . 
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(3) E l e c t r o n i c energy transfer between molecules. 
In most cases, processes 1 and 2 are intramolecular and process 3 
i s intermolecular. The various intramolecular and intermolecular processes 
for the di s s i p a t i o n of ele c t r o n i c energy are discussed below. 
The d i s s i p a t i o n of energy through r a d i a t i o n l e s s t r a n s i t i o n begins 
immediately a f t e r the ex c i t a t i o n process has ended. F i r s t the excess 
v i b r a t i o n a l energy i s rapidly dissipated to the surrounding medium (within 
-13 
a time of ~10 seconds) and the system i s deactivated to the zero v i b r a t i o n a l 
energy l e v e l of the excited e l e c t r o n i c s t a t e . Secondly, i f there i s any other 
el e c t r o n i c state whose potential energy function crosses that of the excited 
e l e c t r o n i c state and which has a vi b r a t i o n a l l e v e l iso-energetic with the 
zero vib r a t i o n a l energy of the excited s t a t e , t r a n s f e r to the other e l e c t r o n i c 
state occurs. This process, which i s known as the i n t e r n a l conversion when 
the t r a n s i t i o n s occur between states of the same m u l t i p l i c i t y , and otherwise 
as intersystem crossing, takes place at an extremely rapid rate i f the 
t r a n s i t i o n s belong to the former type. (The rate constants for s i n g l e t -• , • • . ^ , 1 1 13 -1 s i n g l e t t r a n s i t i o n s are i n the range 10 -10 sec ) . 
The deactivation of the excited molecules can proceed through 
r a d i a t i v e t r a n s i t i o n s between d i f f e r e n t energy l e v e l s of the molecules. 
The t r a n s i t i o n s to higher or lower energy l e v e l s are governed by a s e t of 
se l e c t i o n r u l e s . I n general the l i f e times of the t r a n s i t i o n s allowed by 
-8 -9 
the s e l e c t i o n r u l e s are much shorter (10 -10 sec) than those of the 
forbidden t r a n s i t i o n s . In the case of noble gases the excited s t a t e s 
from which the t r a n s i t i o n s to the ground state are forbidden have a long 
l i f e time (ysec ) and are c a l l e d metastable s t a t e s . 
The t h i r d process, the energy tr a n s f e r between molecules,occurs 
at a l l but very low pressures, when the r a d i a t i v e l i f e time of the excited 
molecules i s smaller than the time between c o l l i s i o n s of the excited molecules 
15 
with other molecules. These intermolecular c o l l i s i o n s are of great 
importance when the gas has more than one constituent, e s p e c i a l l y the 
binary mixtures containing a noble gas and a molecular gas, and they can 
be categorized as follows :-
* 
(1) C o l l i s i o n a l quenching A + B —• A + B + KE 
(2) Energy transfer A + B —> A + B 
where A i s an excited atom and A and B are an atom and a molecule i n the 
ground s t a t e . The energy balance i n quenching processes goes to increase 
the k i n e t i c energy of the molecules (heat). 
The f i r s t process quenches the metastable states and some of the 
r a d i a t i v e t r a n s i t i o n s ( o p t i c a l s t a t e s ) , thus reducing the s c i n t i l l a t i o n 
e f f i c i e n c y of the system. However, i n f a s t s c i n t i l l a t i o n counting at 
moderate pressures the f i r s t process contributes s u b s t a n t i a l l y to reduce 
the s c i n t i l l a t i o n pulse width,which i s one of the main factors l i m i t i n g the 
high rate c a p a b i l i t y of s c i n t i l l a t i o n counters. The second energy t r a n s f e r 
* 
process i s of great significance when the excited atom A i s i n a metastable 
state whose energy i s almost equal to the energy of one of B's o p t i c a l s t a t e s . 
* 
Under t h i s s i t u a t i o n the c o l l i s i o n s energy tran s f e r from A to B occurs at a 
considerable rate (resonance) and thereby reduces the metastable concentration 
i n the gas. These processes are additional to the intramolecular processes 
described e a r l i e r , so that the o v e r a l l rate of decay of an excited s t a t e i s 
the sum of the decay rates for the intramolecular and intermolecular 
processes. 
2.3 SCINTILLATION EMISSION SPECTRA OF NOBLE AND MOLECULAR GASES 
The spectrum of l i g h t emitted during the r a d i a t i v e de-excitation 
and i o n i c recombination of noble gases covers a wide range of wavelengths, 
extending from the v i s i b l e to the far u l t r a v i o l e t region of the spectrum. 
Some of the important energy l e v e l s of the noble gases are shown i n F i g . 2. 
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FIG. 2 Some important enery levels in the noble gases 
Of these levels, the 3P_ and 3P levels have the longest radiative l i f e 
2 o 
time, since the transition from these levels to the ground state 1S, 
are forbidden both by the rules As = 0 (which i s a rather weak r e s t r i c t i o n 
since L-S coupling i s weak i n the case of heavy atoms) and by Aj = 0 ± 1, 
J = 0 7 ^ J = 0 . I t i s also apparent from Fig 2 that most of the 
s c i n t i l l a t i o n spectrum (resonance radiation) of the noble gases occurs 
i n the far u l t r a - v i o l e t region. At high pressures an emission continuum 
has also been observed"^ for the noble gases (see Fig. 3) . These have 
been attributed to molecular emission involving transitions from the meta-
stable states to an unstable ground state, e.g. 
* * Ar + 2Ar —* Ar 2 + A 
* 
Ar •Ar (unstable) + hv 
The rate of formation of these excited molecules increases with pressure 
and at very high pressures (>5000 Torr) th i s process w i l l become the main 
4 
destruction mechanism of the argon metastable states. These excited molecules 
with unstable ground states are called excimers. 
In contrast to the small number of excitation energy levels i n the 
noble gases, the number of levels present i n molecular gases i s so large 
that the spectra emitted by these gases merely contain sets of bands which 
are formed by closely spaced spectral lines. The formation of these lines 
which are known as rotational and vibrational lines, i s a direct consequence 
of the rotational and vibrational behaviour of the gas molecules. 
2.4 THE SCINTILLATION DECAY TIMES 
The s c i n t i l l a t i o n decay times of noble gases generally depend on 
a number of factors, such as the nature of the excited states involved 
( i . e . whether they are resonant or metastable), the pressure, excimer 
formation, photon trapping and the impurities present i n the gases. However, 
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the observed decay time of a s c i n t i l l a t i o n i s not only a function of the 
above mentioned factors but also a function of the measuring instrument. 
The observed decay times of the resonance states are longer than the natural 
decay time of the state i t s e l f because of the subsequent absorption and re-
emission of the photons inside the gas medium before entering the detecting 
instrument, but even so these times are much shorter (1-lOnS) than the 
decay times of metastable states (u sec) . On the other hand, the metastable 
states can decay only through indirect routes such as collisional quenching, 
formation of excimers and collisions with impurity molecules. Schmidt^has 
studied the decay time of xenon excited by 50 keV electrons as a function 
of pressure. The behaviour of the decay time was found to be complex. 
At low pressures (p<60 Torr) the emission was mainly characterised by a 
l i n e emission while at pressures greater than 60 Torr the main contribution 
appeared to come from the xenon continuum. Schmidt's results are shown i n 
Fig. 4. The value of the decay time at high pressure extrapolates to ^9nS 
at p = 760 Torr. The most important effect of increasing pressure i s the 
reduction i n the l i f e time of the metastable states. However, t h i s reduction 
i s also accompanied by a reduction i n the s c i n t i l l a t i o n efficiency. Schmidt 
also studied the s c i n t i l l a t i o n decay times of molecular gases such as 0^, 
H^r C 0 2 ' a n (^ H2* H e ^ o u n (* t n a t t n e decay time of nitrogen was complex due 
to the presence of two emission components (N 9 second positive and N 0 f i r s t 
negative). The two components have been separated by Anton 6 and his results 
are shown i n Fig. 5. The small s c i n t i l l a t i o n decay time shown i n 
figure i s a clear evidence of the quenching a b i l i t y of nitrogen. 
2.5 SCINTILLATION EFFICIENCIES 
The practical relative s c i n t i l l a t i o n efficiencies of noble gases 
7 
have been measured by Northrop et a l using a DuMont photomultiplier coated 
with diphenyl stilbene wavelength s h i f t e r . The efficiencies relative to 
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Relative scintillation amplitudes of Xe, Kr and Ar 
as a function of pressure 
xenon are 
xe : Kr : A : Ne : He = 1.0 : 0.52 : 0.1f>: 0.043 : 0.33. 
These results are i n f a i r agreement with the relative s c i n t i l l a t i o n 
g 
efficiencies obtained by Sayres a n d Wu fand some of their results are 
shown i n Fig.6. The mean quantum efficiency of conversion of the primary 
excited atoms and ions, produced during the interaction of ionising radiation 
9 
with the gas ,into s c i n t i l l a t i o n photons has been computed by Birks . 
The number of ions and excited atoms produced by a pa r t i c l e of energy E 
10 
interacting with a noble gas i s given by 
E N. = 0.6 — l I 
and 
N = 0.4N = 0,24§-ex x I 
where I i s the ionization potential. 
Thus the t o t a l number of primary ions and excited atoms i s 
E N. + N = 0.84— x ex I 
and these are converted with a mean quantum efficiency q into the N 
s c i n t i l l a t i o n photons, so that 
N - 5 <N. +N E X) - a^iia l2.„ 
Values for q can be estimated using the N/MeV value for anthracene 
3 9 
(1.5 x 10 ) and i t s relative s c i n t i l l a t i o n efficiency (or N) compared to 
7 
Xe (see Table 2.2) and other noble gases . Table 2.1 shows the number of 
ions, excited atoms and photons per MeV (a-particles) and the mean quantum 
conversion efficiencies for the noble gases. According to Table 2.1, xenon, 
19 
though expensive, i s the most suitable gas to use as a gas s c i n t i l l a t o r . 
A much cheaper gas i s argon, but i t s s c i n t i l l a t i o n efficiency i s considerably 
smaller than that of xenon. 
The s c i n t i l l a t i o n efficiency of the gases deteriorates due to 
quenching effects such as c o l l i s i o n a l quenching and internal quenching. 
For the noble gases, the l a t t e r effect i s not important, but the c o l l i s i o n a l 
quenching processes reduce the intensity of the line emissions from various 
optical levels. In the case of molecular gases, however, both effects 
may be equally important. 
Gas KeV) N. + X N ex 
N q 
Xenon 12.1 6.9 , 4 x 10 l o 4 0.14 
Krypton 13.9 6.0 , 4 x 10 5.2 X i o 3 0.087 
Argon 15.7 5.3 x 10 4 1.6 X i o 3 0.03 
Neon 21.5 3.9 , 4 x 10 4.3 X i o 2 0.011 
Heliun 24.5 3.4 , 4 x 10 3.3 X i o 3 0.10 
TABLE 2.1 : Number of ions, excited atoms and photons produced per 
one MeV a-particle, and quantum conversion efficiencies 
for noble gases 
Consider a gas whose molecular number density at pressures p and 
p (p = 760 Torr) are N and N respectively so that at constant temperature a a a 
N = N p/ . a P 
a 
Suppose there are n excited states present i n the gas at a given 
-1 -1 3 -1 time. I f k (sec ) , k_, (sec ) and k (cm sec ) are the rate constants of f i c 
fluorescence, internal quenching and c o l l i s i o n a l quenching, then the quantum 
20 
efficiency of fluorescence is 
k n q f o q = = 
k J i + k.n + kNn 1 + p / , f x c p 
where (k^ + k.) p k. i f x a , f p = and q Q = k N ° k + k c a f x 
I f the efficiency of the primary excitation of a gas by a charged particle 
i s independent of the pressure (which is expected to be so since the 
efficiency of primary ionization i s independent of the pressure, i.e. the 
energy expenditure per ion-pair produced i s independent of p ) , then the 
s c i n t i l l a t i o n efficiency s w i l l vary with p as 
s 
s = 2 — (2.2) 
P 
1 + 
P 
Equation 2.2 clearly indicates a drop i n the s c i n t i l l a t i o n 
efficiency with increasing pressure. 
2.6 WAVELENGTH SHIFTERS 
The bulk of the emission spectra of noble gases being i n the far 
u l t r a v i o l e t region imposes the requirement of a wavelength s h i f t e r i n order 
to obtain reasonable signals from the detecting photomultiplier. In 
fast s c i n t i l l a t i o n counting i t i s necessary that the photoluminescence decay 
time of the wavelength shi f t e r be as fast as that of the gas i t s e l f . The 
wavelength shi f t e r must also have a high photolurainescence quantum efficiency 
up to the far u l t r a v i o l e t region. Various materials have frequently been 
used for t h i s purpose, especially organic substances such as p~quaterphenyl 
and diphenylstilbene. Wavelength shifters are generally deposited on the 
21 
window between the gas and the phototube by vacuum evaporation techniques. 
The importance of using wavelength shifters when observing the emission 
spectrum of noble gases was demonstrated by Sayres and Wu^  who reported 
the relative pulse heights with and without p-quaterphenyl wavelength 
sh i f t e r for both glass and quartz photomultipliers. Their results are 
reproduced i n Table 2.2. 
Optimum 
*»-> -w-. l ^ "V* 
Glass Photomultiplier Quartz Photomultiplier 
Gas pressure -t 
(psi) 
without with wi thout with 
QP QP QP QP 
Xenon 6 6 105 88 145 
Krypton 8 <3 50 - 83 
Argon 10 <3 15 11 28 
Helium 45 9 38 14 40 
CsI(Tl) (1 mm thick) 160 
Anthracene (3 mm thick) 22 
» —-
i i ! 
TABLE 2.2; Relative s c i n t i l l a t i o n pulse heights of various gas, 
fluorescent converter and photomultiplier combinations 
(Po2"*"0 a-particles) 
The comparison of pulse heights obtained with and without the 
wavelength shi f t e r on quartz window photomultiplier which i s sensitive 
o 
to wavelengths greater than 2000 A , shows that most of the emission occurs 
o 
at wavelengths less than 2000 A . I t further indicates that the use of a 
glass window photomultiplier with a proper wavelength s h i f t e r i s much more 
22 
effective than the use of quartz window photomultiplier to vitsw 
s c i n t i l l a t i o n s from the noble gases. 
Some of the s c i n t i l l a t i o n characteristics of fast organic materials 
are given i n Table 2.3. The quantum efficiencies given are normalized 
against anthracene. The luminescence decay curves corresponding to these 
materials are found to be exponential, but i n some cases slow components 
appear*"^ " at the t a i l end of the pulse. Table 2.4a gives the re l a t i v e 
15 
practical s c i n t i l l a t i o n efficiencies observed by Northrop for various 
combinations of noble gas s c i n t i l l a t o r s and wavelength sh i f t e r s . A Du Mont 
-2 
6292 photomultiplier coated with ^30 ug cm of wavelength s h i f t e r and 
an a-particle source to excite the gas atoms were used for the measurements. 
The values presented are normalized to the xenon-diphenylstilbene combination 
which gives about the same l i g h t output as a-particles on Nal (T l ). 
Table 2.4b, which has been obtained by normalizing the f i r s t two columns 
of Table 2.4a against the values i n the last column for each wavelength 
s h i f t e r , shows that the relative amount of l i g h t obtained from d i f f e r e n t 
gases are practically independent of the nature of the wavelength s h i f t e r 
used. I t further indicates that the values obtained with a given converter 
correspond to the number of s c i n t i l l a t i o n photons emitted by diffe r e n t gases. 
2.7 SCINTILLATION PROPERTIES OF GAS MIXTURES 
7 
Northrop and Gursky have compared the relative s c i n t i l l a t i o n 
234 
efficiencies of binary noble gas mixtures excited by U a-particles using 
a Du Mont 6292 photomultiplier coated with diphenylstilbene. The l i g h t 
output as a function of the fractional pressure of the heavier gas i n the 
mixture for various gas mixtures i s shown i n Fig.7. A l l the l i g h t outputs 
are normalized to that of pure xenon. The authors interpret the observed 
16 
minima i n the results i n terms of Biondi's results on recombination co-
ef f i c i e n t s of atomic and molecular ions. These indicate that the atomic 
23 
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- ^ Gas 
Fluorescent converter ^--^^^ 
Argon Krypton Xenon 
p-Quaterphenyl (QP) — 0.247 0.438 
Diphenylstilbene (DPS) 0.202 0.567 1.000 
TPB 0.144 0.356 0.699 
POPOP 0.071 0.172 0.366 
POPOP + DPS 0.066 0.170 0.337 
a NPO 0.037 0.090 
, , , • 
0.176 
TABLE 2.4a : 
Gas 
Fluorescent converter^--^^^ Argon Krypton Xenon 
p-Quaterphenyl (QP) - 0.563 1 
Diphenylstilbene (DPS) 0.202 0.567 1 
TPB 0.206 0.509 1 
POPOP 0.193 0.467 1 
POPOP + DPS 0.196 0.504 1 
a NPO 0.210 
i 
0.511 1 
— - • i 
TABLE 2.4b : 
TABLE 2.4 : Relative efficiencies of combinations of noble gases 
and fluorescent converters. 
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ion recombination coefficient i s at least a factor of 10 smaller than 
the molecular ion coefficient. The addition of small amount of heavier 
atomic gas to the lighter gas results In a chargo transfer botwoon lighter 
atomic ions and heavier gas atoms, since the heavier gas has a lower 
ionization potential. Thus the formation of l i g h t e r molecular ions which 
subsequently combine with electrons and produce photons on dissociation, 
decreases and thereby causes a reduction i n the l i g h t output. The low 
concentration of heavier gas atoms in h i b i t s the formation of heavy mole-
cular ions. 
The addition of molecular-gases to . a noble gas causes dramatic 
C 17 changes i n the noble gas spectrum. S t r i k l e r and Arakawa. have studied 
the emission spectrum of argon on the addition of a second gas such as 
°2' C H 4 # K r ' C°2' N2 a n d N e* I n a 1 1 c a s e s e x c e P t N e* a n <* t o some extent 
in Ne, there was a rapid decrease i n intensity of the continuum with the 
addition of the f i r s t i % or 2% of the second gas. With the addition of 
krypton, a gradual increase i n intensity of the krypton continuum between 
2000 8 - 4O0O 8 at the expense of the argon continuum was also observed. 
Fig. 8 shows the quenching of argon emission with the addition of nitrogen 
and Fig.9 represents the emission spectrum of a mixture of argon with 0.1% 
nitrogen from 1600 8 to 4300 8. I t indicates that the addition of nitrogen 
quenches the emission of argon i n the region between 1500 8 and 3000 8 and 
produces the emission of a l i n e spectrum (2nd positive band) between 3000 8 
and 4200 8. However, the results from recent experiments 3 show that the 
main argon continuum occurs at much smaller wavelengths (1070 8 - 1400 8 ) i n 
contrast to the values quoted (1600 8 - 3000 8 ) by Strickler and Arakawa. 
The maximum intensity of the second positive emission band i n nitrogen 
occurs at a nitrogen concentration of about 3%. With further addition of 
nitrogen, the intensity of the second positive group begins to decrease and 
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FIG.9 Emission spectrum for a gas mixture 
containing 99.9% argon and 0.1% nitrogen. 
a new set of lines starts to appear i n the wavelength region 2200 8-2600 8. 
The intensity of nitrogen bands at high concentration of nitrogen are shown 
18 
i n Fig. 10. Grtin and Schopper have measured the practical l i g h t output 
of argon-nitrogen mixtures at p = 585 Torr and 20° C as a function of nitrogen 
concentration and obtained a similar behaviour , (see Fig.11). The drop i n 
l i g h t output at high nitrogen concentration i s mainly due to the collisional 
quenching processes. 
2.8 SECONDARY SCINTILLATION PROCESS IN GAS MIXTURES 
The passage of ionizing radiation through a gas results i n excita-
t i o n and ionisation of i t s atomstand the subsequent de-excitation of atoms 
and recombination of ions produce a l i g h t pulse with a fast leading edge 
(known as primary s c i n t i l l a t i o n pulse). However, before recombination the 
electrons o r i g i n a l l y produced during the ionisation process can be accelerated 
under an electric f i e l d to gain energy and produce more excitation i n the 
medium. In the context of s c i n t i l l a t i o n proportional counter technology, 
the s c i n t i l l a t i o n produced by these 'secondary excited atoms' are called 
secondary s c i n t i l l a t i o n s . 
For a given electric f i e l d the intensity of the secondary s c i n t i l l a -
t i o n output depends on the number of electrons which have energies above the 
threshold for direct excitation of the atoms i n the gas. This number i s not 
only a function of the electric f i e l d but also a function of the gas mixture 
since i t depends on the inelastic cross-section of electrons i n each constituent 
of the mixture. The comparison of pulse heights ( s c i n t i l l a t i o n efficiencies) 
of d i f f e r e n t gas mixtures or the same gas mixture with different concentrations 
of i t s constituents i s therefore not straight forward as i n the case of 
primary s c i n t i l l a t i o n . This fact can be demonstrated from the results obtained 
19 
by Policarpo et a l on Ar-Xe and He-Xe gas mixtures. The results, which 
they have obtained witha c y l i n d r i c a l s c i n t i l l a t i o n counter with a 125 urn 
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diameter c e n t r a l anode w i r e , are shown i n F i g . 12. The l i g h t o u t p u t 
from an Ar-5% Xe mixtur e i s about an order o f magnitude g r e a t e r than 
t h a t from pure argon. They obtained an even l a r g e r p r a c t i c a l l i g h t o u t p u t 
w i t h a He-42.5% Xe m i x t u r e although i t appears t h a t f o r a given v o l t a g e t h e 
p r a c t i c a l l i g h t o u t p u t from t h i s m i x t u r e i s l e s s than t h a t from Ar-5% Xe. 
This i s due t o them being able t o a t t a i n much hi g h e r anode voltages w i t h 
He-42.5% Xe m i x t u r e than w i t h Ar-5% Xe mixture before t h e p r o d u c t i o n o f 
spurious l i g h t due t o e l e c t r o n s o r i g i n a t i n g from t h e cathode su r f a c e . 
The s p e c t r a l composition o f the secondary s c i n t i l l a t i o n i s almost 
i d e n t i c a l t o t h a t o f the primary s c i n t i l l a t i o n since b o t h processes i n v o l v e 
the same e x c i t a t i o n processes. This f a c t has been t e s t e d by P o l i c a r p o 
e t a l ^ w i t h A r - ^ gas m i x t u r e using a c y l i n d r i c a l G.S.P.C. w i t h a t h i c k 
17 
(250 um diam) anode w i r e . The work o f S t r i c k i e r and Arakawa concerning 
the primary s c i n t i l l a t i o n o f the same mixtur e shows t h a t t h e a d d i t i o n o f 
n i t r o g e n t o argon quenches t h e argon emission w i t h t h e f o r m a t i o n o f two 
main n i t r o g e n l i n e s a t 3380 A and 3580 X. The P o l i c a r p o group employed 
two o p t i c a l f i l t e r s A and B w i t h s h o r t wavelength c u t o f f s a t X A=3250 R 
and X = 3800 A , i n order t o measure the i n t e n s i t y o f these two l i n e s f o r B 
sev e r a l values o f the anode v o l t a g e and n i t r o g e n c o n c e n t r a t i o n . Fig.13a 
shows the o p t i c a l transmission p r o p e r t i e s o f t h e i r d e t e c t o r system and 
Fig*13b shows the v a r i a t i o n w i t h anode v o l t a g e o f the r a t i o ' r ' o f t h e 
pulse h e i g h t o f the secondary l i g h t obtained w i t h f i l t e r s A and B t o the 
secondary pulse h e i g h t w i t h no f i l t e r s f o r s e v e r a l argon-nitrogen m i x t u r e s . 
For f i l t e r A/ the pulse amplitudes are c o r r e c t e d f o r ab s o r p t i o n e f f e c t s . 
Fig.13b shows t h a t f o r n i t r o g e n concentrations £.0.8% t h e r a t i o r i s 
p r a c t i c a l l y independent o f t h e anode v o l t a g e and n i t r o g e n c o n c e n t r a t i o n . 
I t i s c l e a r from these r e s u l t s t h a t f o r n i t r o g e n c o n c e n t r a t i o n s >,1%, 80% 
o f t h e secondary emission from t h e argon-nitrogen m i x t u r e occurs a t wave-
lengt h s > 3250 A , and since the t r a n s m i s s i o n from B i s o n l y ^14% f o r n i t r o g e n 
c o n c e n t r a t i o n s > 0.15%, the major p a r t o f t h e emission spectrum should be 
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An a gas s c i n t i l l a t o r an argon-nitrogen gas mi x t u r e has a number 
o f advantages over other gas mixtures. 
(1) I t i s a cheap gas mi x t u r e and can be used w i t h f l o w t y p e d e t e c t o r s . 
(2) N i t r o g e n i s a good metastable quenching gas and i t re-emits some 
o f the energy o r i g i n a l l y absorbed from t h e metastable s t a t e s »as photons. 
(3) The main emission i s i n t h e v i s i b l e r e g i o n and t h e r e f o r e r e l a t i v e l y 
l e s s expensive pyrex window p h o t o m u l t i p l i e r s can be used t o d e t e c t t h e 
s c i n t i l l a t i o n l i g h t , ( s e e F i g . 1 4 ) . The disadvantages o f ArHN^ gas mixtures 
over o t h e r gas mixtures are t h e r e l a t i v e l y low l i g h t o u t p u t per u n i t energy 
l o s s and low a b s o r p t i o n c o e f f i c i e n t f o r i o n i s i n g r a d i a t i o n compared t o xenon 
and k r y p t o n . Despite these disadvantages an argon-nitrogen gas m i x t u r e has 
been chosen as t h e counter gas since t h e work described i n t h i s t h e s i s employs 
a f l o w type counter. 
2.9 THE ELECTRON IMPACT EXCITATION OF ARGON-NITROGEN 
The f o r m a t i o n o f secondary s c i n t i l l a t i o n around t h e anode w i r e o f 
a s c i n t i l l a t i o n counter i s a consequence o f t h e e l e c t r o n impact e x c i t a t i o n 
o f gas molecules. Some o f the important energy l e v e l s o f t h e a r g o n - n i t r o g e n 
3 1 
system are shown i n F i g . 15. The p^ and p^ s t a t e s o f argon are resonance 
3 3 
s t a t e s , w h i l e the p and p_ s t a t e s are metastable s t a t e s . I t has been 
shown^'^\ t h a t b o t h the primary and secondary s c i n t i l l a t i o n s e m i t t e d by 
argon-nitrogen gas mixture mainly belong t o t h e second p o s i t i v e group o f t h e 
n i t r o g e n emission spectrum, which occurs as a r e s u l t o f the d e a c t i v a t i o n o f 
3 3 n i t r o g e n molecules i n the C IT u s t a t e t o the B i r ^ s t a t e . I t i s a l s o 
important t o note t h a t o u t o f a l l t h e emission bands shown i n F i g . 15 o n l y t h e 
wavelength range o f the second p o s i t i v e band f a l l s w i t h i n t he s p e c t r a l s e n s i t i v e 
r e g i o n o f pyrex window p h o t o m u l t i p l i e r s . 
The experimental values o f t h e e l e c t r o n impact e x c i t a t i o n c r o s s -
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FIG 15 Some important energy levels of the 
argon — nitrogen system. 
21 3 
s e c t i o n f o r t h e 3p metastable s t a t e s o f argon and t h e C IT s t a t e o f 
22 
n i t r o q o n show t h a t f o r e l e c t r o n energies rtl>ovt» 12 eV t h e c r o s s - s o c t i o n 
v a l u e d f o r argon are g r e a t e r than t h a t f o r n i t r o g e n . For example, a t 13 eV 
a, « 2 a„- - 0.6 and a t 16 eV a, e 6a„ 0 -1.8 8^ . The e l e c t r o n Ar N2 Ar Nz 
1 3 
impact e x c i t a t i o n a l s o r e s u l t s i n p^ and p^ argon resonance s t a t e s , b u t w i t h 
23 
l e s s e f f i c i e n c y , since t h e e x c i t a t i o n c r o s s - s e c t i o n f o r these processes i s 
o2 
smaller (0.14 A ) than t h a t f o r metastable f o r m a t i o n . I t i s t h e r e f o r e c l e a r 
from t h e above c r o s s - s e c t i o n values t h a t as f a r as t h e f o r m a t i o n o f e x c i t e d 
s t a t e s by d i r e c t e l e c t r o n impact i s concerned t h e f o r m a t i o n o f metastable 
s t a t e s and resonance s t a t e s i n argon i s much more l i k e l y t h a n t h a t o f t h e 
"CH s t a t e ( G i r ^ ) o f n i t r o g e n , e s p e c i a l l y when t h e percentage o f n i t r o g e n 
i n t h e m i x t u r e i s s m a l l . 
24-28 
At low pressures i t has been e s t a b l i s h e d t h a t the metastable 
s t a t e s o f argon t r a n s f e r t h e i r energies by c o l l i s i o n t o t h e ground s t a t e 
n i t r o g e n molecules t o form t h e 'C s t a t e o f n i t r o g e n . 
*** (\o) + " a ^ J ' ° h A r ( 1 S 0 ) + N2*(° \ 
v» = 1-3 (2.3) 
This process i s e f f i c i e n t (resonant) i n argon-nitrogen m i x t u r e s since 
t h e metastable l e v e l s o f argon are almost i s o e n e r g e t i c w i t h t h e n i t r o g e n 'C' 
1 3 
s t a t e l e v e l . The c o l l i s i o n a l energy t r a n s f e r from p^ and p^ argon resonance 
s t a t e s t o t h e ground s t a t e o f n i t r o g e n i s small because o f t h e i r s m a l l l i f e 
29 t T 1 times ( 1 = 0.24nS, 3 = 9.5nS). The p. c o n t r i b u t i o n i s g e n e r a l l y 
p i p i 1 
r u l e d o u t a l s o , due t o t h e v i o l a t i o n o f the Wigner Spin c o n s e r v a t i o n r u l e 
d u r i n g the t r a n s i t i o n . However Chen e t al 3° have r e c e n t l y suggested a 
p o s s i b l e mechanism f o r c o l l i s i o n a l energy t r a n s f e r from "^p^ t o n i t r o g e n on 
the b a s i s o f t h e f a c t t h a t t h e L-S c o u p l i n g scheme does n o t apply r i g o r o u s l y 
t o argon on account o f i t being a heavy atom. 
30 
At h i g h pressures, a p a r t from c o l l i s i o n a l energy t r a n s f e r processes, 
t h e c o l l i s i o n a l quenching r e a c t i o n s p l a y a major p a r t i n the d e s t r u c t i o n o f 
argon metastable s t a t e s . I n general t h e main channels through which the 
d i s s i p a t i o n o f energy o f the metastables occur are, (a) the f o r m a t i o n o f 
* 
argon excimers (Ar«)r (b) c o l l i s i o n o f metastable atoms w i t h t h e w a l l s o f 
th e c o n t a i n e r and o t h e r o b j e c t s present i n s i d e t h e c o n t a i n e r ( i n t h e case 
o f t h e G.S.P.C. the o n l y c o l l i s i o n o b j e c t i s t h e anode w i r e and t h e r e f o r e t h i s 
f a c t o r can be n e g l e c t e d ) , and (c) t h e c o l l i s i o n o f metastable atoms w i t h 
26 3 n i t r o g e n molecules t o form products o t h e r than the C TT^ s t a t e . The 
c o l l i s i o n o f metastable s t a t e argon atoms w i t h ground s t a t e argon atoms 
causes two changes i n the metastable p o p u l a t i o n ; ( 1 ) t h e fo r m a t i o n o f 
excimers and thereby causing a r e d u c t i o n i n t h e p o p u l a t i o n , (2) o v e r p o p u l a t i o n 
o f t h e lowest metastable s t a t e (^Pg) | C o l l i s i o n a l d e a c t i v a t i o n s from neigh-
3 3 , 3 3 30,31 b o u r i n g e x c i t e d s t a t e s ( p . - * p and p• p ) , The c o n t r i b u t i o n 
from c o l l i s i o n s between argon excimers and ground s t a t e n i t r o g e n molecules 
t o t h e 'C* s t a t e o f n i t r o g e n i s expected t o be s m a l l , s ince t h e energy o f 
32 
the v i b r a t i o n a l zero energy l e v e l o f t h e t r i p l e t argon excimer s t a t e i s 
l e s s than t h e energy o f the 'C* s t a t e o f n i t r o g e n . 
2.10 DEACTIVATION OF THE C 3Tr STATE OF NITROGEN 
• u 
As mentioned e a r l i e r i n t h i s chapter, t h e second p o s i t i v e emission 
o f n i t r o g e n occurs as a r e s u l t o f t h e r a d i a t i v e t r a n s i t i o n s between t h e 
3 3 3 C IT and B IT s t a t e s . The r a d i a t i v e l i f e time o f t h e C IT s t a t e i s u g u 
33 3 3 g e n e r a l l y s h o r t ( T c = 39.6 + 2 nS) , since C TT^ B TT^ i s a s t r o n g l y 
a l l o w e d t r a n s i t i o n . At low pressures t h e d e - e x c i t a t i o n o f t h e 'C s t a t e o f 
n i t r o g e n i s mainly governed by r a d i a t i v e t r a n s i t i o n s . A t h i g h pressures 
(p *\» 760 Torr) the c o l l i s i o n a l quenching processes open more pathways through 
which t h e d e a c t i v a t i o n o f t h e 'C s t a t e o f n i t r o g e n can occur. The im p o r t a n t 
r 
c o l l i s i o n a l quenching mechanisms t o be considered here are t h e c o l l i s i o n s o f 
31 
the 'C1 s t a t e n i t r o g e n molecules w i t h ground s t a t e argon atoms and n i t r o g e n 
molecules. The c o l l i s i o n s between e x c i t e d 'C' s t a t e n i t r o g e n and ground 
34 35 s t a t e n i t r o g e n molecules have been s t u d i e d by M i l l e t e t a l and Calo e t a l 
and they have proposed the f o l l o w i n g mechanisms as p o s s i b l e quenching 
processes. 
(1) e l e c t r o n i c quenching 
3 1 + 
C IT + X E (V 1 = o) 
u g 
3 1 + 
B 7T + Z ( v " > 0 ) 
g g 
(2.4) 
(2) v i b r a t i o n a l r e l a x a t i o n . 
There i s not much l i t e r a t u r e a v a i l a b l e on t h e A r - N ^ c ) \ u quenching process 
36 
except on t h e p o s s i b l e products o f the r e a c t i o n and t h e r a t e o f t h e 
process. A l l the important r e a c t i o n s subsequent t o the e x c i t a t i o n by 
primary e l e c t r o n s around t h e anode w i r e can be l i s t e d as f o l l o w s : The r a t e constant f o r each process i s a l s o given a g a i n s t t he 
r e a c t i o n . 
Reaction Rate Constant Ref. 
Ar + N„ N„(C) + Ar -12 3 - 1 6 x 10 cm .sec 38 (2.5) 
* 2 Ar + N • Other products 
* mainly N 2(B) + Ar 
3 x l o " 1 1 cnusec" 1 26,27,37 (2.6) 
* *3 * Ar + 2Ar — • Ar„ + Ar . -33 6 -1 6 x 10 cm .sec 31 (2.7) 
N (C) • N 2(B) + hV 2.5 x 10 7 sec" 1 33 (2.8) 
N (C) + N — ^ Other products 1.15 x 10 1 1 cnusec 1 34 (2.9) 
2 mainly N 2(B)+ N 2 
N (C) + Ar Other products 5.6 x 10 1 3 cnusec" 1 36 (2.10) 
2 mainly N 2(B) + Ar 
32 
where Ar represents t h e Argon metastable s t a t e s 
* 
A r 2 " " " excimer s t a t e 
3 N„(C) " " C ir s t a t e o f n i t r o g e n / ti 
N ( B ) M « 3 \ 
2 g 
s 
and k represent the r a t e constants. 
2.11 THE EFFECT OF QUENCHING PROCESSES ON THE SCINTILLATION PULSE 
One o f the main f a c t o r s which determines t h e u l t i m a t e r a t e i n 
f a s t s c i n t i l l a t i o n c o u n t i n g i s the w i d t h o f t h e s c i n t i l l a t i o n p u l s e . Pure 
noble gases, as used i n the e a r l y work on the s c i n t i l l a t i o n counters, are 
not s u i t a b l e f o r f a s t c ounting work since t h e metastable s t a t e s have l i f e 
times o f the order o f microseconds, g i v i n g r i s e t o p i l e - u p problems a t 
hi g h r a t e . I n order t o make t h e noble gases ' f a s t * i n s c i n t i l l a t i o n 
c o u nting s t u d i e s , t h e lo n g l i v e d metastable s t a t e s should be destroyed and 
t h i s could be done by adding molecular gases t o the noble gases. The a d d i t i o n 
o f n i t r o g e n t o argon serves t h i s purpose w i t h some added advantages mentioned 
e a r l i e r i n t h i s chapter. The a d d i t i o n o f n i t r o g e n t o argon reduces t he l i f e 
times o f a l l t h e e x c i t e d s t a t e s present i n argon as w e l l as i n n i t r o g e n 
i t s e l f through v a r i o u s d e - e x c i t a t i o n processes described i n t h e previous 
s e c t i o n . The o v e r a l l e f f e c t o f these processes can be seen as a r e d u c t i o n 
i n the w i d t h as w e l l as the amplitude o f the s c i n t i l l a t i o n o u t p u t . The 
dependence o f the l i f e time o f a given e x c i t e d s t a t e on v a r i o u s decay 
channels can be i n v e s t i g a t e d by study i n g t h e t o t a l t r a n s i t i o n r a t e from t h a t 
s t a t e . Furthermore, t h e dependence o f l i f e times o f e x c i t e d s t a t e s on t h e 
pressure and the composition o f the gas m i x t u r e (argon-nitrogen) can al s o 
be p r e d i c t e d from these s t u d i e s since the t r a n s i t i o n r a t e s are a f u n c t i o n 
o f t h e r e l a t i v e c oncentrations o f t h e c o n s t i t u e n t s o f the m i x t u r e . 
Suppose j Ar [ and | N 0 j represent the number d e n s i t y o f 
-3 ~~ 
molecules (cm ) present i n an argon-nitrogen m i x t u r e whose r e l a t i v e 
33 
composition i s known > and l e t j~ Ar be t h e c o n c e n t r a t i o n o f metastable 
s t a t e s o f argon a t a given t i m e . 
The o v e r a l l decay r a t e o f t h e argon metastable s t a t e s a t any 
time can be w r i t t e n as t h e sum o f t h e i n d i v i d u a l decay r a t e o f the 
processes represented by equations ( 2 . 5 ) , (2.6) and ( 2 . 7 ) . 
K Ar (2.11) 
where K i s the o v e r a l l decay constant. 
Since t h e l i f e time o f t h e metastable s t a t e i s ~ (= T m e t a s t a b l e ^ t h e n 
from equation (2.11), 
T , , = _ _ ^r-=. = = ^ (2.12) 
metastable ^ l [ K 2 ] + k 2 [ N 2 ] + k 3 L A r l 
The v a r i a t i o n s o f the l i f e t ime o f the metastable s t a t e s ( T _ _ ) w i t h 
metastable 
the n i t r o g e n c o n c e n t r a t i o n and t h e t o t a l pressure o f the argon-nitrogen 
mixt u r e are shown i n F i g s . 16 and 17- The r a p i d f a l l o f f i n l i f e t i m e o f 
the metastable s t a t e s a t sma l l n i t r o g e n c o n c e n t r a t i o n s c l e a r l y shows t h e 
metastable quenching a b i l i t y o f n i t r o g e n . I t must be mentioned here t h a t 
t h i s a n a l y s i s i s o n l y an approximate one since i t o n l y deals w i t h t h e major 
c o l l i s i o n processes. 
I t can be seen from the above expression f o r x , , , t h a t the 
metastable 
l a s t two terms i n t h e denomenator predominate over t he f i r s t term a t h i g h 
pressures and as a r e s u l t t h e s c i n t i l l a t i o n e f f i c i e n c y decreases. T h i s f a c t 
i s i l l u s t r a t e d i n Figs. 18a, b, which show the r a t i o r as a f u n c t i o n o f 
pressure ( f o r 10% N mixture) and n i t r o g e n c o n c e n t r a t i o n . 
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where r = R a t e o f ^2 (C) f o r m a t i o n 
~~ T o t a l Ar* d e s t r u c t i o n r a t e 
k l [ N 2 ] + k 2 p 2 ] + 
Once t h e l o n g l i v e d metastable s t a t e s have been quenched, t h e w i d t h 
o f t h e s c i n t i l l a t i o n pulses become a f u n c t i o n o f t h e l i f e t i m e o f t h e 
3 3 / C TT^ s t a t e o f n i t r o g e n . The l i f e time o f the C TT^ s t a t e IT N„(C) I can 
be d e r i v e d from t h e f o l l o w i n g expression 
V c ) ) 
"1 
d 
d t N 2
 (C)j " k 4 N 2 ( C ) j + k 5 N 2 ] N 2(C) + k 6 N 2(C) Ar 
N 2 ( C ) 
N 2 ( C ) 
V ( C ) - — ( 2 . 1 3 ) 
2 k 4 + k 5 [ N 2 J + k 6 J * J 
I t shows t h a t T . . depends o n l y on the quenching r a t e s o f 
N 2 • 
n i t r o g e n and argon, and since ^ » k^, even a small a d d i t i o n o f n i t r o g e n 
t o argon should decrease b o t h t he w i d t h and the amplitude o f the s c i n t i l l a -
t i o n p u l s e . The dependence o f T N ^ o n t n e n i t r o g e n c o n c e n t r a t i o n and 
2 
pressure ( f o r 10% N gas mixture) are shown i n F i g s . 19 and 20. 
mm 
The above a n a l y s i s i n d i c a t e s t h a t i n f a s t s c i n t i l l a t i o n c o u n t i n g , 
i f b o t h h i g h r a t e c a p a b i l i t y and a good r e s o l u t i o n are r e q u i r e d , a compromise 
between t h e w i d t h and t h e amplitude o f the pulse must be made, since t h e 
r e d u c t i o n i n pulse amplitude due t o t h e c o l l i s i o n a l quenching processes leads 
t o t h e d e t e r i o r a t i o n o f t h e energy r e s o l u t i o n o f the counter. The r e s u l t s 
o b t a i n e d i n t h i s a n a l y s i s cannot be r e l a t e d t o t h e a c t u a l ( p h y s i c a l ) s c i n t i l l a -
t i o n pulses since t he time dependence o f f o r m a t i o n o f the s c i n t i l l a t i o n 
pulses have been excluded i n these c a l c u l a t i o n s . 
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CHAPTER THREE 
CONSTRUCTION AND OPERATION OF GAS SCINTILLATION DRIFT COUNTERS 
3.1 INTRODUCTION 
I t i s a p p r o p r i a t e i n t h i s chapter t o pr o v i d e a d e t a i l e d account 
o f t h e design c o n s i d e r a t i o n s and the c o n s t r u c t i o n techniques used i n 
b u i l d i n g a h i g h r a t e gas s c i n t i l l a t i o n d r i f t counter. This w i l l a l s o 
i n c l u d e some o f t h e mechanical, e l e c t r i c a l and o p t i c a l p r o p e r t i e s o f t h e 
system. The geometrical design o f the counter does n o t i n v o l v e any 
s p e c i f i c requirements such as f i t t i n g t o a beam l i n e or t o a l a r g e 
experimental system since i t has been b u i l t e n t i r e l y f o r l a b o r a t o r y 
t e s t s . However, i t was p e r f e c t l y compatible f o r use w i t h t h e X-ray 
machines i n Durham. 
I n order t o provide a comprehensive background knowledge, t h e 
l a t t e r p a r t o f t h i s chapter i s mainly devoted t o a d e s c r i p t i o n o f the 
p r i n c i p l e s o f o p e r a t i o n o f the s c i n t i l l a t i o n d r i f t chamber and some 
f a c t o r s a f f e c t i n g i t s performance a t hi g h r a t e . Some p r o p e r t i e s o f the 
counter are a l s o given a t the end o f t h e chapter. 
3.2 DESIGN CONSIDERATIONS 
B a s i c a l l y t h e gas s c i n t i l l a t i o n counter i s a combination o f a 
conv e n t i o n a l p r o p o r t i o n a l counter and a p h o t o m u l t i p l i e r . I n t h i s study, 
i n s t e a d o f a c y l i n d r i c a l p r o p o r t i o n a l counter, i t was decided t o use a 
pla n a r w i r e counter l a r g e l y because t h i s type o f counter i n c l u d i n g t h e 
d r i f t counter has already been e x t e n s i v e l y s t u d i e d a t Durham,and a l s o 
because o f some o t h e r advantages which w i l l be described l a t e r i n t h i s 
s e c t i o n . 
A schematic diagram o f a gas s c i n t i l l a t i o n counter i s shown 
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i n F i g . l . The only difference between the conventional proportional 
counter and the proportional counter used i n the s c i n t i l l a t i o n mode i s 
that the diameter of the anode wire used i n the l a t t e r type i s much 
larger than that of the former. The large diameter anode wires are 
used i n s c i n t i l l a t i o n counters simply to obtain large e x c i t a t i o n regions 
with minimum io n i z a t i o n around the wire. The e l e c t r i c f i e l d around the 
anode wire of a c y l i n d r i c a l proportional counter as a function of the 
distance from the centre of the wire for d i f f e r e n t wire diameters i s 
shown i n Fig.2. The anode potential and the radius of t h i s hypothetical 
X 
counter are 2000 V and 7 mm. I t i s c l e a r from Fig.2 that large diameter 
wires can create e l e c t r i c f i e l d s which are j u s t s u f f i c i e n t to produce 
secondary excitations of atoms over a substantial region without produc-
ing much ioni z a t i o n s . This i s to be contrasted with small diameter 
wires where a very high f i e l d , s u f f i c i e n t to produce ionization,occurs. 
However, extremely large diameter wires are not su i t a b l e for high rate 
counters since t h e i r wide e x c i t a t i o n regions r e s u l t i n wide pulse widths. 
One of the most important requirements which should be f u l f i l l e d 
i n the secondary l i g h t production process i s the l o c a l i s a t i o n of the 
ex c i t a t i o n process to a very small region on the anode wire. This ensures 
that the same l i g h t c o l l e c t i o n e f f i c i e n c y e x i s t s for a l l the X-ray photons 
converted i n the chamber i r r e s p e c t i v e of t h e i r p osition of conversion. 
I f the path of the X-ray beam i s very close to the anode wire 
as shown in Fig.3, the l i g h t c o l l e c t i o n e f f i c i e n c y of the counter strongly 
depends on the point of conversion of the X-ray photons i n the gas medium. 
This i s due to the f a c t that the primary electrons produced by the photons 
converted i n the upper h a l f of the counter d r i f t towards the top h a l f of 
the anode wire surface which obscures the photocathode of the photo-
m u l t i p l i e r and prevents the secondary l i g h t reaching the photocathode. 
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This e f f e c t i s s i g n i f i c a n t as the l i g h t i s e s s e n t i a l l y produced near the 
wire, within a region with dimensions comparable to the diameter of the 
wire. The secondary l i g h t reaching the photocathode under t h i s s i t u a -
t i o n i s only the l i g h t r e f l e c t e d from the window and the walls of the 
counter. On the other hand most of the l i g h t produced by X-rays 
converted i n the lower h a l f can reach the photocathode and produce 
bigger pulses than those due to the upper h a l f since i n t h i s case the 
secondary excitations take place close to the lower h a l f of the anode 
wire surface. 
This e f f e c t has been observed by P o l i c a r p o ^ et a l who obtained 
a l i g h t pulse height spectrum with two peaks for a s i n g l e peak on the 
charge pulse spectrum- They managed to cut down the smaller l i g h t peak 
to 2% of the larger peak by reducing the r e f l e c t e d component of the 
secondary l i g h t reaching the photomultiplier. This method should reduce 
the e f f i c i e n c y of the system, however, as i t counts the X-rays converted 
only i n the lower h a l f of the counter. We also observed a s i m i l a r 
behaviour (see Fig.4a) with a proportional s c i n t i l l a t i o n counter used i n 
(2) 
the preliminary t e s t s , but we were able to obtain a s i n g l e peak i n 
two ways ; ei t h e r by s h i f t i n g the X-ray beam away from the anode wire, 
(see Fig.5) or by applying a potential of appropriate p o l a r i t y to one of 
the cathode planes to change the e l e c t r i c f i e l d i n one side of the wire 
to compensate the l i g h t l e s s due to shadowing of the photocathode. 
The second method i s however not suitable since i t modifies the r a d i a l 
f i e l d around the anode wire. An added disadvantage i n allowing an X-ray 
beam close to the anode wire i s that i n t h i s case the l i g h t production i n 
the top and bottom halves of the anode wire i s susceptible to any s l i g h t 
asymmetry i n the anode wire position i n the d i r e c t i o n normal to the 
cathode planes. On the other hand, when the path of the beam i s not 
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close to the anode wire as shown i n Fig.5, the secondary l i g h t production 
i s confined to a small region on one side of the anode wire and therefore 
a reasonably constant l i g h t c o l l e c t i o n e f f i c i e n c y can be expected for a l l 
the X-ray photons converted i n the counter i r r e s p e c t i v e of t h e i r p osition 
of conversion. 
In such a system, however, the weak e l e c t r i c f i e l d i n the region 
where conversion of X-rays takes place r e s u l t s i n long electron c o l l e c -
t i o n times giving r i s e to long l i g h t pulses due to the d i f f u s i o n e f f e c t , 
(see Fig.4b). This i s obviously an undesirable feature for a high rate 
counter. This system can be improved by employing an additional a d j u s t -
able d r i f t f i e l d towards the anode wire without making appreciable modifi-
cation on the o r i g i n a l e l e c t r i c f i e l d around the wire (see F i g . 4 c ) . 
According to t h i s idea f i r s t put forward by C h a r p a k ^ et a l , the cathode 
planes c o n s i s t of wires p a r a l l e l to the anode wire and held at i n c r e a s -
ingly negative potentials s t a r t i n g from zero a t the wires d i r e c t l y above 
and below the anode wire. The e f f e c t of t h i s modification on a conven-
t i o n a l wire proportional chamber i s shown i n Fig.6. Curve A shows the 
e l e c t r i c f i e l d across the proportional chamber as a function of the 
distance (r) from the anode wire and curve B represents the r e s u l t a n t 
f i e l d when the cathode wires are connected to the increasingly negative 
potentials to produce a d r i f t f i e l d . I n t h i s case the potential wires 
are also connected to the maximum negative cathode p o t e n t i a l . Curve C 
shows the same r e s u l t a n t f i e l d without the potential wires. The distance 
from the anode to the cathode plane and to the potential wires of t h i s 
hypothetical chamber are 6 mm and 24 mm re s p e c t i v e l y . I t i s c l e a r from 
these curves that the d r i f t f i e l d inside a d r i f t chamber i s much higher 
than that inside a proportional chamber e s p e c i a l l y for large r where the 
d r i f t f i e l d i s mainly determined by the applied d r i f t voltage. Because 
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of these advantages, i t was decided to develop a gas s c i n t i l l a t i o n 
d r i f t counter (G.S.D.C.) as a high rate counter. 
3.2.1 Counter Design 
The techniques and most of the materials employed during the 
design of the chamber are s i m i l a r to those used i n building ordinary 
d r i f t chambers. Fig.7 shows a section through the counter p a r a l l e l 
to the d i r e c t i o n of the incident beam and i t i s very s i m i l a r to the 
(4) 
system used by Charpak et a l . The photomultiplier i s placed a few 
centimeters away from the anode wire so that i t s axis passes through the 
region where secondary excitations takes place. Two cathode planes of 
the chamber are e l e c t r i c a l l y shielded by two earthed planes placed equi-
distant from the cathode planes, the one close to the photomultiplier 
being a wire mesh. 
An R.C.A.8575 pyrex window photomultiplier was used to detect 
s c i n t i l l a t i o n pulses. A dynode potential d i s t r i b u t i o n network designed 
at the Daresbury Nuclear Physics Laboratory was used for preliminary 
testings of the counter. I t i s a r e s i s t i v e network recommended^ for 
high current ( f a s t ) applications. Photomultipliers with conventional-
r e s i s t i v e potential divider networks are generally not s u i t a b l e for work 
involving pulse height measurements at high rate (high tube currents) 
since the dynode potentials and hence the gains of the photomultipliers 
change with the tube current. This d i s t r i b u t i o n network was l a t e r 
replaced by a s t a b i l i s e d p o tential d i v i d e r . The s t a b i l i s a t i o n of the 
dynode potentials were done by means of emitter follower c i r c u i t s and 
a detailed description of the design and performance of such a p o t e n t i a l 
d i s t r i b u t i o n network w i l l be given i n Chapter f i v e . A l l the t e s t s 
except one (the d r i f t v e l o c i t y measurements which do not require any 
pulse height measurements) were done with the new p o t e n t i a l d i v i d e r . 
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3.2.2 Wire Plane Configuration 
The two cathode planes which provide the necessary l a t e r a l d r i f t 
f i e l d are made from 120 um diameter copper-beryllium wires with 1 mm 
spacing. Symmetrically placed between the cathode planes i s a thic k 
n i c k e l anode wire. The diameters of the anode wire used by various 
(7) 
authors are spread over a large range ; for example, Policarpo et a l 
(4) 
used 125-250 urn diameter wires while Charpak et a l ' s choice was 500 urn. 
I t was decided to use a 410 um diameter wire for t h i s work ; the factors 
which determined t h i s diameter for the anode wire w i l l be described i n 
Chapter four. 
On ei t h e r side of the anode wire i s a potential wire (200 um 
diameter, Nickel) which maintains the uniformity of the d r i f t f i e l d 
r i g h t up to the end of the d r i f t c e l l . The earthed screening electrode 
(wire mesh) close to the photomultiplier i s made from 120 um diameter 
copper/beryllium wires and i t s transparency i s 78%. 
3.2.3 D r i f t Chamber Dimensions 
Perhaps the most important dimension of the chamber i s the thi c k -
ness of i t s active volume. This thickness 'must be large enough to absorb 
adequate amounts of X-ray photons to obtain the necessary count r a t e s . 
The large thicknesses, however, create problems i n the operation of d r i f t 
chambers because increasing the gap between ttie cathode planes increases the 
voltages required to produce adequate secondary pulse amplitudes and the 
d r i f t f i e l d s must be also increased. As a r e s u l t the secondary avalanches 
are very l i k e l y to be produced e s p e c i a l l y between the cathode planes and 
the earthed screening electrodes since t h i s gap i s generally kept small 
to reduce the In t e n s i t y l o s s of the incident beam before entering the 
active region of the chamber. Table 3.1 shows a l l the dimensions and 
43 
other parameters of the system. 
Table 3.1 
Inside area of cross-section p a r a l l e l to the 2 
electrode planes = 65 x 145 mm 
Distance between cathodes = 9.5 mm 
Distance between the screening electrode and 
cathode = 3 mm 
Distance between the anode wire and potential 
wires = 20 mm 
2 
Active area of the chamber = 40 x 145 mm 
Diameter of the phototube window = 51 mm 
The photomultiplier i s i n s t a l l e d i n the system so that i t s window 
i s i n d i r e c t contact with the gas medium. A gas gap of 13 mm i s allowed 
between the photomultiplier window and the inner screening electrode i n 
order to reduce the e l e c t r i c f i e l d d i s t o r t i o n s around the photocathode 
which normally runs at negative p o t e n t i a l . However, a large separation 
between the photo cathode and the anode wire i s undesirable since i t leads 
to a poor l i g h t c o l l e c t i o n e f f i c i e n c y . 
3.2 .4 Construction of the Counter 
A v e r t i c a l cross section of the system p a r a l l e l to the d i r e c t i o n 
of the incident X-ray beam i s shown i n Fig.8. The system can be divided 
into two parts ; the photomultiplier with i t s housing and the d r i f t 
chamber. 
The phototube was f i t t e d to i t s 21 pin socket and the relevant 
dynode pins were connected to the potential d i s t r i b u t i o n network. The 
network was firmly fixed to a metal di s c to which a H.T. Lemo and a BNC 
feedthrough connector were f i t t e d i n order to provide the potential to 
the d i s t r i b u t i o n network and to obtain the photomultiplier anode output. 
The photomultiplier tube was protected from stray magnetic f i e l d s by 
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means o f a mu-metal s h i e l d f i t t e d to tho tube socket. The photo-
m u l t i p l i e r housing was made from ri siteel t u b i n g out* onrl o f which wno 
welded t o a small metal annular r i n g t o clamp the photoniu] t i p l i e r tube 
assembly (metal d i s c ) . The oth e r end was f i t t e d t o a t h i c k perspex 
p l a t e w i t h a c i r c u l a r hole c o n c e n t r i c w i t h t h e tube. The diameter o f 
the hole (55 mm) was s l i g h t l y g r e a t e r than t h a t o f the phototube and 
the surface dimensions o f the perspex p l a t e were i d e n t i c a l t o those o f 
the d r i f t chamber. The l e n g t h o f the housing was such t h a t when t h e 
phototube assembly was i n s e r t e d i n t o the housing and clamped, the 
surface o f the phototube window j u s t emerged from the hole i n the perspex 
p l a t e . The housing and the perspex p l a t e were f i x e d t o a t h i c k aluminium 
p l a t e which forms a base t o the system. The gas i n l e t and o u t l e t were 
also made i n t h i s perspex p l a t e . 
The d r i f t chamber p a r t c o nsisted o f f o u r separate frames a l l made 
from perspex. I t was decided, however, t o make both cathode w i r e planes 
and the anode w i r e plane i n a s i n g l e perspex frame i n order t o keep t he 
r e l a t i v e p o s i t i o n s o f the planes f i x e d when assembling t h e counter. The 
three-dimensional view o f t h i s frame t o g e t h e r w i t h o t h e r frames are shown 
i n Fig.9. The t h r e e steps were c u t i n b o t h sides o f t h e frame i n order 
t o f i x the p r i n t e d c i r c u i t connection boards which c o n s i s t e d o f 1 mm copper 
s t r i p s w i t h 2 mm p i t c h . These were used f o r cathode, anode and p o t e n t i a l 
w i r e connections. Two s l o t s were made on e i t h e r side o f the frame i n 
order t o make the l a t t e r two connections p o s s i b l e from o u t s i d e . The 
p r i n t e d c i r c u i t boards were p o s i t i o n e d a c c u r a t e l y on the steps w i t h 
reference t o one edge o f the frame and cemented f i r m l y w i t h a r a l d i t e . 
The accurate p o s i t i o n i n g o f the p r i n t e d c i r c u i t boards i s impo r t a n t since 
even a small displacement o f t op and/or bottom cathode planes r e l a t i v e t o 
the anode w i r e d i s t o r t s t h e e l e c t r i c f i e l d around the w i r e and t h e l a t e r a l 
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d r i f t f i e l d . The wires were then soldered t o the c e n t r e o f each s t r i p , 
and Pig.lO shows a s e c t i o n through the anode w i r e o f the chamber i l l u s t r a -
t i n g t h e w i r e connections. The s l o t s were then completely f i l l e d w i t h 
s i l i c o n e rubber t o av o i d any discharges o c c u r r i n g between the anode w i r e 
and the i n s i d e surface o f t h e s l o t when p o t e n t i a l s are a p p l i e d t o t h e 
anode and the cathode planes. This type o f discharge was observed on 
a previous occasion when o p e r a t i n g t he chamber w i t h o u t a f i l l i n g i n t h e 
s l o t . Hie w i r i n g o f the mesh was done i n a s i m i l a r manner using p r i n t e d 
c i r c u i t boards f i t t e d t o i n s i d e w a l l s o f a perspex frame as shown i n 
Fig.10. 
The o u t e r screening e l e c t r o d e was an aluminium p l a t e which a l s o 
served as the window t o t h e chamber. A s l o t (3 mm x 50 mm) was c u t a t 
the middle o f the p l a t e t o a l l o w X-rays i n t o t h e chamber. The i n s i d e o f 
the p l a t e (side which faces t h e chamber) was covered w i t h a 50 um t h i c k 
aluminised mylar sheet, and the s l o t w i t h very t h i n (5 ym) aiuminised mylar 
i n order t o minimise t h e a b s o r p t i o n and s c a t t e r i n g o f t h e i n c i d e n t beam. 
A l l t h e i n s i d e w a l l s o f the perspex frames except t he regions which were 
close t o t h e H.T. w i r e s were a l s o covered w i t h aluminised mylar f o r b e t t e r 
l i g h t r e f l e c t i o n . 
Aluminium i s a good r e f l e c t o r f o r l i g h t i n t h e U V and v i s i b l e 
(8) 
r e g i o n s . F i g . 11 shows i t s r e f l e c t a n c e as a f u n c t i o n o f wavelength. 
I n order t o get the maximum e f f e c t o f r e f l e c t i o n , t h e aluminised mylar 
was f i x e d t o the w a l l s w i t h t h e aluminium side f a c i n g t h e counter. 
Before assembling t he counter, t h e gap between the phototube and 
perspex p l a t e was closed by covering t he surface o f the perspex p l a t e and 
the edge o f the phototube window up t o 1-2 mm from i t s perimeter w i t h 
double-sided pressure s e n s i t i v e tape and an aluminised mylar sheet. 
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I t i s important t h a t t l i o ('ountor muHt be gas t i g h t once i t i s 
nsnomblod. Thin was achieved by . f i t t i n g rubber gaskets t o surfaces o f 
a l l the frames except the d r i f t chamber frame as shown i n Fig.lO. 
F i n a l l y t he counter was assembled and clamped w i t h s i x screws and nuts . 
A t h i c k aluminium frame was a l s o added t o the system t o support the 
perspex frames and increase the r i g i d i t y o f the system. Fig.12 shows a 
view o f t h e complete counter. The whole counter was placed i n a l i g h t 
t i g h t box and a l l the connections t o the counter were made through t h e 
feedthrough connectors. 
3.3 APPLICATION OF THE ELECTRIC FIELDS 
Two separate H.T. power supplies were used t o f i x the anode w i r e 
p o t e n t i a l and t o c o n t r o l t he l a t e r a l d r i f t f i e l d . The connections t o t h e 
wires were made through the p r i n t e d c i r c u i t boards. A 10 M ft r e s i s t o r 
was connected i n s e r i e s w i t h each H.T. supply as a s a f e t y p r e c a u t i o n . 
Hie anode w i r e was kept a t a p o s i t i v e p o t e n t i a l w h i l e t h e cathode planes 
were maintained a t negative p o t e n t i a l s . A p h o t o m u l t i p l i e r power supply 
w i t h negative p o l a r i t y was used t o power t h e p h o t o m u l t i p l i e r . 
E l e c t r i c a l connections t o the cathode wires and t h e p o t e n t i a l 
w i res were made i n the f o l l o w i n g way. 
The cathode w i r e s e q u i d i s t a n t from t h e anode w i r e i n each h a l f 
c e l l were connected t o g e t h e r . T h i s was done f o r b o t h cathode planes 
and one h a l f c e l l o f each cathode plane was connected t o a r e s i s t i v e 
p o t e n t i a l ladder i n such a way t h a t t he two cathode wires r i g h t above 
and below the anode w i r e are a t zero p o t e n t i a l and each p a i r o f w i r e s 
e q u i d i s t a n t from the zero p o t e n t i a l cathode wires r e c e i v e n e g a t i v e l y 
i n c r e a s i n g p o t e n t i a l s i n steps up t o t h e maximum p o t e n t i a l on t h e 
p o t e n t i a l w ires and a l s o the cathode wires above and below the p o t e n t i a l 
w i r e s . A l l these connections were made e x t e r n a l l y by means o f r i b b o n cables. 
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FIG.12 Photograph of the counter. 
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The c a l c u l a t e d e q u i p o t e n t i a l l i n e s f o r a d r i f t chamber w i t h 
dimensions s i m i l a r t o the one described i n the Section 1.3.3 arc shown 
i n F i g . 1.3. These c a l c u l a t i o n s wore computed by moans o f a program which 
uses an i t e r a t i v e technique t o solve Poisson's equation f o r the d r i f t 
r e g i o n . The e f f e c t o f the w i r e diameters i s not i n c l u d e d i n t h i s c a l c u l a -
t i o n . I n f a c t t h e program assumes zero diameters f o r a l l t h e w i r e s . 
The d r i f t v o l t a g e g r a d i e n t and t h e 'anode w i r e * p o t e n t i a l used i n t h e 
c a l c u l a t i o n were 500 V/cm and 3500 V r e s p e c t i v e l y . I n t h i s case, however, 
the e f f e c t o f t h e diameter o f the anode w i r e can approximately be accounted 
f o r by assuming t h e value o f the e q u i p o t e n t i a l whose diameter coincides 
w i t h t h a t o f the anode w i r e , as the t r u e p o t e n t i a l on the anode w i r e . 
For example, i n order t o reproduce t h e same f i e l d as given i n Fig.13, a 
400 um diameter w i r e needs about 2750 V- I t i s a l s o c l e a r from t h i s 
f i g u r e t h a t as t h e p a t h o f t h e X-ray beam i s moved away from the anode 
w i r e , t h e r e g i o n through which the secondary e x c i t a t i o n s take place i s 
also g r a d u a l l y l o c a l i s e d t o a small r e g i o n . Fig.14 shows the v a r i a t i o n 
of the e l e c t r i c f i e l d across the c e n t r a l plane o f the chamber w i t h 
d i s t a n c e . I t can be seen from i t t h a t the e f f e c t o f the anode w i r e 
f i e l d i s l a r g e up t o a considerable d i s t a n c e from the w i r e . 
3.4 THE GAS MIXING SYSTEM 
A l l the gases used d u r i n g the course o f study were o f research 
(9) 
grade. According t o t h e manufacturers data t h e p u r i t y o f argon and 
n i t r o g e n were b e t t e r than 99.9995 % and 99.9995% r e s p e c t i v e l y , and t h e 
i m p u r i t y c o n c e n t r a t i o n s (ppm) i n both gases were also as follows? <X>2<0.5, 
CO <1.0, H 2 <2.0, CH4 <0.5, N 2 <3.0 ( f o r A r ) , N 20 <0.1, 0 2 <0.5 and 
water <0.5. Gases were mixed by means o f a mixing system. A GEC 
E l l i o t t flowmeter was used t o measure the argon r a t e o f f l o w and an a i r 
flowmeter (4-40 cc/roin) was used f o r t h e n i t r o g e n . The v a l i d i t y o f 
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the s c a l e on t h e a i r flowmeter f o r use w i t h n i t r o g e n was checked by 
c a l i b r a t i n g i t ag a i n s t an argon flowmeter scale through which the t r u e 
f l o w r a t e s o f n i t r o g e n were already k n o w n , and was found t o be 
j u s t i f i e d w i t h i n the e r r o r s i n v o l v e d i n reading t h e scales. The 
mixtures w i t h very low n i t r o g e n percentages were obtained by mixing l a r g e 
q u a n t i t i e s o f argon w i t h a small q u a n t i t y o f n i t r o g e n ( u s u a l l y 5 cc/min). 
However, the i n p u t f l o w r a t e t o the counter was always maintained a t a 
constant l e v e l by v e n t i n g a p r o p o r t i o n o f t h e gas mixtures d i r e c t t o the 
a i r . According t o the manufacturers data t h e accuracy o f the f l o w meters 
i s w i t h i n 2%. 
3.5 PULSE FORMATION 
The a b s o r p t i o n o f hi g h energy photons (X-rays) i n a gas r e s u l t s 
i n t h e e j e c t i o n o f ene r g e t i c photo e l e c t r o n s from the gas atoms. These 
e l e c t r o n s soon d i s s i p a t e t h e i r energy through f u r t h e r e x c i t a t i o n and 
i o n i s a t i o n o f gas atoms and the range (R) through which t h i s d i s s i p a t i o n 
takes place i s a r a p i d l y v a r y i n g f u n c t i o n (R a ) o f t h e e l e c t r o n 
k i n e t i c energy (E). For example, the photoelectrons produced from the 
K s h e l l o f argon by 5.9 keV photons have a range o f % 6 0 um. The primary 
charge cloud produced by a h i g h energy photon i s t h e r e f o r e f a i r l y l o c a l i s e d 
i n t h e gas. 
I n a GSDC these clouds o f e l e c t r o n s d r i f t towards t h e anode w i r e 
under the i n f l u e n c e o f t h e e l e c t r i c f i e l d and g a i n s u f f i c i e n t k i n e t i c 
energy t o cause f u r t h e r e x c i t a t i o n o f gas atoms. However, i n p r a c t i c e a t 
the anode w i r e p o t e n t i a l s necessary t o produce d e t e c t a b l e s c i n t i l l a t i o n 
s i g n a l s the primary e l e c t r o n s , when near t h e anode w i r e g a i n s u f f i c i e n t 
energy t o produce i o n i s a t i o n i n t h e gas. Successive i o n i s a t i o n r e s u l t s i n 
an e l e c t r o n m u l t i p l i c a t i o n process c h a r a c t e r i s e d by t h e parameter known as 
Townsend's f i r s t i o n i s a t i o n c o e f f i c i e n t a. This i s d e f i n e d as t h e 
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number o f secondary e l e c t r o n s produced by an e l e c t r o n when t r a v e r s i n g 
through a d i s t a n c e o f 1 cm i n the d i r e c t i o n o f a uni f o r m e l e c t r i c f i e l d 
E. 
Suppose N q i s the number o f primary e l e c t r o n s produced by a 
h i g h energy photon i n t e r a c t i n g w i t h t h e gas and x. and x (x.<x ) are 
1 ex x ex 
the distances from the anode w i r e (x = o), a t which the e x c i t a t i o n and 
the i o n i s a t i o n processes begin then the number o f e l e c t r o n s (N ) present 
i n the e l e c t r o n c l o u d a t a d i s t a n c e x (x<x i) from t h e anode w i r e i s given 
by the equation 
dN = N a (x) dx (3.1) 
a i s not a constant i n t h i s equation b u t a f u n c t i o n o f x s i n c e t he 
e l e c t r i c f i e l d close t o t h e anode w i r e v a r i e s as — 
x 
Since 
/sX. 1 
dN 
N 
x 
a (x) dx 
N 
(3.2) 
Then N = N exp X o 1 
X 
X. 
1 a (x) dx (3.3) 
The r a t s o f e x c i t a t i o n due t o encounters between e l e c t r o n s and 
gas atoms can be represented by an e x c i t a t i o n c o e f f i c i e n t e , analogous 
t o a, e being t he number o f e x c i t a t i o n s per e l e c t r o n per u n i t d i s t a n c e 
t r a v e l l e d ( 1 cm) i n the f i e l d d i r e c t i o n . Hence the t o t a l number o f 
e x c i t e d atoms formed by the e l e c t r o n s when t r a v e r s i n g from t he p o i n t 
where primary i o n i s a t i o n takes place t o the anode w i r e i s 
N = | E j ( x ) N exp 
x. r 
x 
a(x) dx dx + 
P ex 
N e.(x J ° J )dx x. i 
(3.4) 
50 
where j represents the j t h e x c i t a t i o n l e v e l and 'a' i s the diameter 
of t h e anode w i r e . 
The second term i n the expression accounts f o r the e x c i t a t i o n 
growth a t f i e l d s t r e n g t h s below those necessary f o r i o n i s a t i o n growth. 
U n l i k e a the behaviour o f e w i t h e l e c t r i c f i e l d has not been e s t a b l i s h e d 
f o r most o f the gas m i x t u r e s . Thus t h e above i n t e g r a l f o r N cannot e a s i l y 
be evaluated. As mentioned i n Chapter two, some o f these e x c i t e d s t a t e s 
d e - e x c i t e through t h e r a d i a t i v e d e - e x c i t a t i o n process and the r e s t t r a n s f e r 
t h e i r energies t o ground s t a t e molecules e i t h e r t o form o p t i c a l s t a t e s o r 
merely t o increase t h e i r k i n e t i c energy. 
Depending on the l i g h t c o l l e c t i o n e f f i c i e n c y o f t h e counter, a 
f r a c t i o n o f the photons produced by t h e d e - e x c i t a t i o n processes reach t h e 
photo cathode o f the p h o t o m u i t i p l i e r where they produce a bunch o f photo-
e l e c t r o n s whose s i z e depends on the conversion e f f i c i e n c y o f the photo-
cathode. As a r e s u l t o f successive e l e c t r o n m u l t i p l i c a t i o n along t h e 
dynode chain, each p h o t o e l e c t r o n gives r i s e t o a f a s t narrow e l e c t r o n 
pulse a t t h e p h o t o m u l t i p l i e r o u t p u t . However, since a l l the photo-
e l e c t r o n s i n the bunch t r a v e l down the dynode chain very close t o one 
another, a l l the e l e c t r o n pulses o v e r l a p t o g e t h e r t o form a s i n g l e e l e c t r o n 
pulse a t the o u t p u t . 
The w i d t h o f the o u t p u t pulse i s o f prime importance i n h i g h r a t e 
counters. I n a GSPC th e d u r a t i o n o f t h e o u t p u t pulse i s determined by 
a number o f f a c t o r s , such as the w i d t h o f the s i n g l e photo e l e c t r o n 
response o f t h e p h o t o m u l t i p l i e r , t h e l i f e times o f the e x c i t e d s t a t e s , 
the t h i c k n e s s o f the s c i n t i l l a t i o n r e g i o n , t h e d r i f t v e l o c i t y o f e l e c t r o n s 
i n t he gas, the e f f e c t i v e diameter o f the e l e c t r o n cloud and t h e d i f f u s i o n 
c o e f f i c i e n t f o r e l e c t r o n s i n t h e gas. The o u t p u t pulse w i d t h f o r a s i n g l e 
p h o t o e l e c t r o n a t the cathode o f a p h o t o m u l t i p l i e r i s very s m a l l (^2-3 ns) 
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f o r p h o t o m u l t i p l i o r s which are normally used i n f a s t s c i n t i l l a t i o n 
s t u d i e s . Then i n the case o f GSDC's where there are uniform e l e c t r i c 
f i e l d s present i n b o t h the s c i n t i l l a t i o n and photoabsorption regions 
(see Fig.15a) e l e c t r o n c l o u d o f e f f e c t i v e diameter D a t t h e end o f t h e 
A 
photoabsorption r e g i o n produces a s c i n t i l l a t i o n p u l s e whose mean pulse 
w i d t h t can be w r i t t e n as 
D 
V V R 
(3.5) 
where S i s t h e t h i c k n e s s o f t h e s c i n t i l l a t i o n r e g i o n , V, and V are t h e 
d s 
d r i f t v e l o c i t i e s o f e l e c t r o n s i n photcabsorption and s c i n t i l l a t i o n 
regions r e s p e c t i v e l y and T i s t h e combined decay t i n e o f t h e e x c i t e d 
R 
s t a t e s i n v o l v e d i n the s c i n t i l l a t i o n . I n t h e case o f argon-nitrogen 
gas mixtures the decay times o f the argon e x c i t e d s t a t e s (mainly the 
metastable s t a t e s ) and N (C) s t a t e c o n t r i b u t e t o T . I n a s c i n t i l l a t i o n 
2 R 
d r i f t chamber whose s c i n t i l l a t i o n f i e l d r e g i o n i s provided by an anode 
w i r e (see Fig.15b) the d r i f t v e l o c i t y o f e l e c t r o n s , unless s a t u r a t e d , 
i s n o t a constant b u t a f u n c t i o n o f t h e d i s t a n c e (x) from the anode w i r e 
since t h e e l e c t r i c f i e l d v a r i e s as —. Therefore, V, and V i n the above 
x d s 
expression have t o be m o d i f i e d a c c o r d i n g l y i n order t o o b t a i n an 
expression f o r w i d t h o f the s c i n t i l l a t i o n p ulses, i t i s apparent from t h e 
above expression t h a t h i g h d r i f t v e l o c i t i e s are necessary t o achieve small 
pulse w i d t h s . 
3.6 SPACE CHARGE GAIN LIMITATIONS 
I n g eneral GSDC's are operated a t v e r y low e l e c t r o n a m p l i f i c a -
t i o n s around t h e anode w i r e and t h e r e f o r e the space charge e f f e c t s are 
, 5 6 
n e g l i g i b l y s m a l l even a t considerably h i g h counting r a t e s (10 - 10 X-ray 
counts per s e c ) . However, when t h e r a t e i s f u r t h e r increased t h e 
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accumulation o f slow moving p o s i t i v e ions around t he anode w i r e causes 
a drop i n the l o c a l e l e c t r i c f i e l d c l o s e t o the w i r e , thus reducing the 
e l e c t r o n a m p l i f i c a t i o n f a c t o r f o r subsequent e l e c t r o n pulses. The 
s e v e r i t y o f t h i s e f f e c t o b v i o u s l y depends on the amount o f e l e c t r o n 
a m p l i f i c a t i o n i n t r o d u c e d d u r i n g the secondary s c i n t i l l a t i o n process. 
By a p p l y i n g Poisson's equation t o the space charge around t he 
(12) 
anode w i r e ( r a d i u s a) o f a c y l i n d r i c a l p r o p o r t i o n a l counter, Hendrick 
has shown t h a t the e f f e c t o f the space charge i s t o reduce the e l e c t r i c 
f i e l d near the anode w i r e by e f f e c t i v e l y reducing the anode p o t e n t i a l by 
an amount 
AV= ^ (3.6) 
4 e _ 
where b i s the r a d i u s o f the outer s h e l l o f the counter and p i s t h e 
mean space charge d e n s i t y and i s r e l a t e d t o the average counting r a t e 
R by the expression 
where N i s the average number o f primary e l e c t r o n s per pulse, M i s the o 
e l e c t r o n m u l t i p l i c a t i o n f a c t o r , |> i s the gas pressure ( i n atmospheres) , 
V i s t h e a p p l i e d p o t e n t i a l t o the anode w i r e , u i s the m o b i l i t y o f 
p o s i t i v e ions i n the gas mixture and L i s the a c t i v e l e n g t h o f the anode 
w i r e . I t i s c l e a r from these two expressions t h a t the e f f e c t i v e anode 
w i r e p o t e n t i a l (V - Av) drops l i n e a r l y w i t h t h e count r a t e . However, a t 
very h i g h count r a t e s the r a t e a t which t he e f f e c t i v e anode w i r e p o t e n t i a l 
drops reduces due t o t h e r e d u c t i o n i n M. Since t he dependence o f t h e 
e l e c t r o n m u l t i p l i c a t i o n f a c t o r on the anode w i r e p o t e n t i a l i s e x p o n e n t i a l , 
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tho Bpaco charge o f f o c t gives r i s e to an exponential, drop i n tho put no 
h e i g h t a t high r a t e s b u t becomes a l e s s r a p i d l y v a r y i n g e x p o n e n t i a l a t 
extremely h i g h r a t e s . 
3.7 DIFFUSION OF ELECTRONS 
As mentioned i n Section 3.6, one o f t h e f a c t o r s which a f f e c t s the 
d u r a t i o n o f the s c i n t i l l a t i o n p u l s e i s the d i f f u s i o n o f e l e c t r o n s i n the 
gas. Although the primary i o n i s a t i o n r e s u l t s i n the p r o d u c t i o n o f a 
l o c a l i s e d cloud o f primary e l e c t r o n s , d i f f u s i o n causes t h e clo u d t o enlarge 
as t h e e l e c t r o n s d r i f t towards the l i g h t producing r e g i o n where they form 
a wider s c i n t i l l a t i o n pulse than t h a t which would be produced by an un-
d i f f u s e d c l o u d . 
The d i f f u s i o n i s a n a t u r a l process i n which t h e r e i s a n e t s p a t i a l 
movement o f p a r t i c l e s due t o a g r a d i e n t i n t h e c o n c e n t r a t i o n o f the 
p a r t i c l e s . The d i f f u s i v e f l o w takes place i n the d i r e c t i o n o p p o s i t e 
t h a t o f t h i s g r a d i e n t and the f l o w r a t e i s d i r e c t l y p r o p o r t i o n a l t o the 
magnitude o f the g r a d i e n t . The constant o f p r o p o r t i o n a l i t y i s c a l l e d t h e 
d i f f u s i o n c o e f f i c i e n t D. This can be expressed mathematically as 
J = - DVN (3.8) 
where J i s the n e t number o f p a r t i c l e s f l o w i n g through u n i t area normal 
t o the f l o w d i r e c t i o n per second and VN i s the g r a d i e n t o f the number 
d e n s i t y of the d i f f u s i n g p a r t i c l e s . This r e l a t i o n s h i p i s known as Fic k ' s 
law o f d i f f u s i o n . I n the absence o f an e l e c t r i c f i e l d t h i s r e l a t i o n s h i p 
can be a p p l i e d t o e l e c t r o n s d i f f u s i n g i n a gas. 
Spreading o f a cloud o f p a r t i c l e s by d i f f u s i o n through an un-
(13) 
bounded gas has been s t u d i e d by E i n s t e i n . According t o h i s f i n d i n g s , 
i f a l a r g e number o f p a r t i c l e s N , o r i g i n a l l y l o c a t e d a t t h e o r i g i n o f a 
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three-dimensionalco-ordinate system i s released at t = 0 and allowed to 
d i f f u s e through a gas at uniform pressure, the number density a t a 
distance r from the o r i g i n at time t i s 
N o " r 2 / 4 D t N = e (3.9) 
(4TTDt) 1 
where D i s the d i f f u s i o n c o e f f i c i e n t as before. 
The r o o t mean square displacement of the p a r t i c l e s from the 
o r i g i n at time t i s 
/7 - \ - / 6Dt (3.10) 
and i n one dimension 
/ x 2 = 0 = / 2Dt (3.11) x 
Huxley and Crompton have recently shown t h a t equation (3.11) 
i s also applicable t o a group of electrons t h a t spreads by d i f f u s i o n as 
the centroid of the group moves under the influence of an e l e c t r i c f i e l d , 
provided t h a t D i s replaced by D , the d i f f u s i o n c o e f f i c i e n t i n the 
d i r e c t i o n of the e l e c t r i c f i e l d . The value of D perpendicular to the 
d i r e c t i o n o f e l e c t r i c f i e l d however remains unchanged. The difference 
between D and d was f i r s t observed by Wagner e t a l ^ ^ who measured the 
L 
r a t i o of d i f f u s i o n c o e f f i c i e n t to m o b i l i t y o f electrons i n gases, p a r a l l e l 
and orthogonal t o the e l e c t r i c f i e l d . The m o b i l i t y (u) of electrons i n a 
gas i s defined as W = uE where W i s the d r i f t v e l o c i t y of electrons i n 
the gas corresponding t o an e l e c t r i c f i e l d E. The r e s u l t s of Wagner et a l 
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f o r argon and nitrogen are shown i n Fig-16. 
I f during time t , the distance traversed by the centroid o f a 
group of electrons i n a gas influenced by an e l e c t r i c f i e l d i s d then 
°X = / 2 °L W < 3" 1 2> 
and 
"orthogonal = / 2 D W ( 3 ' 1 3 ) 
where 0' , - . i s the root mean square displacement of electrons i n orthogonal 
the d i r e c t i o n orthogonal t o the e l e c t r i c f i e l d . These equations 
indicate t h a t the f a c t o r — must be minimised i n order to reduce the 
W 
e f f e c t of d i f f u s i o n . a and a « _ f o r a group of electrons 
x orthogonal 
a f t e r a 1 cm d r i f t i n argon and nitrogen are shown i n Fig.17. These 
curves were derived using equations (3.12) and (3.13) and also using the 
data i n Fig.16. Unfortunately, the curves f o r argon-nitrogen mixture 
cannot be calculated due t o the lack o f experimental r e s u l t s . I t i s 
clear from these curves t h a t the d i f f u s i o n lengths (c and a .) 
x orthogonal 
are appreciable even f o r small d r i f t distances. 
3.8 PULSE WIDTH AND HEIGHT MEASUREMENTS 
3.8.1 Variation of Pulse Width and Height w i t h D r i f t Distance 
The output pulses from the GSDC were investigated using a f a s t 
a m p l i f i e r (Lei r o y 612AM) and a Tektronix 475 (100 MHz) oscilloscope. 
A collimated I r o n 55 X-ray source ( 5.9 keV, 8 mCi) was used to produce 
s c i n t i l l a t i o n pulses. An argon-nitrogen mixture (90% - 10%) was 
constantly passed through the counter. The composition of the gas 
mixture was decided a f t e r a series of t e s t s , a d e t a i l e d account of which 
w i l l be presented i n Chapter four. The shape o f the secondary s c i n t i l l a -
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FIG 17 Dependence of the standard deviation 
of electron diffusion on the electric field 
for 1cm drift, in argon and nitrogen. 
t i o n pulses from the counter at the photomultiplier output i s shown i n 
Fig.18a. 
I n order t o investigate the v a r i a t i o n o f pulse width and height 
w i t h d r i f t distance, the X-ray source was moved across the chamber i n 
measured steps and the r e s u l t i n g pulse width and height and also the 
r i s e and f a l l time of the voltage pulses were recorded. The anode wire 
voltage and the d r i f t f i e l d applied f o r these measurements were 2.8 kV 
and 500 V/cm respectively. Fig.19 shows the pulse width and the r i s e 
and f a l l times o f the pulses as a function of d r i f t distance and Fig.2o 
shows the v a r i a t i o n of pulse height with d r i f t distance. At the same 
time, voltage pulses from the preamplifier output were fed i n t o a pulse 
height analyser (Northern S c i e n t i f i c , NS 900) where they were amplified 
and integrated and then presented as a pulse height spectrum. Fig.20 
also shows the peak of the charge (integrated) pulse height spectrum as 
a function of d r i f t distance. As expected two peaks appeared on the 
pulse height spectrum when the X-ray beam was w i t h i n 4mm of the anode 
wire, (see Section 3.2). As shown i n Figs 19 and 20, the width and the 
amplitude of the voltage pulses vary inversely w i t h the distance of the 
source from the anode wire, but the charge pulse height remain constant w i t h 
the d r i f t distance. Smaller pulse widths and large pulse heights observed 
f o r smaller d r i f t distances are due to the small amount of d i f f u s i o n 
experienced by the primary electron clouds. A-~s4airl^r--^eha^4our ,has-feeefi 
otaexve^ d6) 
p ^ f j r ? o A by Breskin et a l working on conventional d r i f t chambers ; 
they found an increase i n the yoltage pulse height w i t h d r i f t distance (see 
Fig.21). They also found a much less pronounced change i n the charge 
pulse height w i t h d r i f t distance. So f a r a s a t i s f a c t o r y explanation has 
not been found f o r t h i s phenomenon. 
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FIG.18a Secondary scintillation pulses from a G.SQC. 
F IG. 18b Pulse height spectrum for 5-9keV X-rays. 
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FIG. 18a Secondary scintillation pulses from a G.S.D.C 
FIG. 18b Pulse height spectrum for 5-9 keV X- rays . 
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3.8.2 V a r i a t i o n of pulse Width and Height w i t h D r i f t F i e l d 
The width and height of the voltage pulses and the peak of the 
charge pulse height spectrum were measured as a function of the applied 
f i e l d using the same experimental set up described i n the preceding 
section. Fig 22a shows the v a r i a t i o n of pulse width w i t h d r i f t f i e l d . 
The width of the pulse was found t o decrease w i t h d r i f t f i e l d . This 
can be explained as being due to an increase i n the d r i f t v e l o c i t y of 
electrons w i t h d r i f t f i e l d (see Equation 3.5) and also due to the 
reduction i n the time available f o r the d i f f u s i o n processes which enlarge 
the primary electron cloud. Shown i n Fig 22b are the v a r i a t i o n s of 
voltage and charge pulse heights w i t h applied d r i f t f i e l d . I t also 
shows the v a r i a t i o n of charge pulse height obtained from the anode wire 
241 
as a function of d r i f t f i e l d . An Am a-p a r t i c l e source was used to 
produce anode pulses whose amplitudes a f t e r being amplified were 
measured on an oscilloscope. I t i s apparent from Fig.22b t h a t the charge 
pulse heights vary l i n e a r l y w i t h the d r i f t f i e l d f o r moderate d r i f t f i e l d 
values. These curves are useful when c o r r e l a t i n g r e s u l t s obtained w i t h 
GSPC's to GSDC's w i t h s i m i l a r dimensions. 
3.8-3 Var i a t i o n of Pulse Height w i t h the Energy of Incident Photons 
I n general the pulse heights produced by X-rays absorbed i n the 
chamber are proportional t o the energy deposited by the X-rays. Although 
t h i s i s true f o r an id e a l GSDC, the r e s u l t s of the Section 3.2 indicate 
that even i f the beam i s monoenergetic, i t forms two sets of pulse heights 
when the beam i s very close t o the anode wire. However, t h i s d i f f i c u l t y 
can be overcome by s h i f t i n g the beam away from the anode wire and under 
t h i s condition respectable energy r e s o l u t i o n can be obtained f o r X-rays 
by t h i s detector. As an example a pulse height spectrum obtained on the 
P.H.A. f o r 5.9 keV X-rays absorbed i n the chamber i s shown i n Fig 18b. 
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The main peak l a due to the X-rays whose energies are completely 
absorbed i n t ho act Ive volwne o.l. I ho counter and the oncnpo peak In 
formed when the photoelectric absorption i s followed by an emission of 
a photon wi t h energy j u s t below the K-edge of argon. These photons 
have a very long mean free path f o r absorption and can therefore escape 
from the a c t i v e detection volume. The energy of the escape peak i s 
therefore equal to the energy of the incident X-rays less the energy of 
the argon K-edge. 
The l i n e a r dependence of the detector pulse height on the energy 
of the absorbed X-ray photons i s extremely important f o r spectroscopic 
studies i n the X-ray region. This property has been investigated by 
i r r a d i a t i n g the GSDC with X-rays of d i f f e r e n t energies and noting the 
peaks of the pulse height spectra on the P.H.A. A (variable energy) 
X-ray source from the Radio Chemical Centre provided X-rays of s i x 
d i f f e r e n t energies. Fig.23 shows the peak po s i t i o n as a function of 
the energy of the incident X-rays. According t o Fig.23 the counter 
shows a good l i n e a r i t y a t least up to photon energy of 22 keV. 
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CHAPTER FOUR 
SOME PROPERTIES OF THE ARGON-NITROGEN GAS MIXTURE 
4.1 INTRODUCTION 
This study investigates some of the useful properties o f argon-
nitrogen gas mixtures. I n p a r t i c u l a r the study includes measure-
ments of the d r i f t v e l o c i t y of electrons i n the mixture and the 
secondary l i g h t gain which i n the context of G.S.D.C. terminology i s 
defined as the r a t i o o f the secondary s c i n t i l l a t i o n l i g h t output t o the 
primary s c i n t i l l a t i o n l i g h t output. A knowledge o f the behaviour of 
these parameters i s of great importance when deciding on the operating 
conditions which produce the optimum performance of the counter. 
4.2 DRIFT VELOCITY MEASUREMENTS 
As mentioned i n Chapter 3 one of the factors which determines 
the width of the s c i n t i l l a t i o n pulse i s the d r i f t v e l o c i t y o f electrons 
i n the gas mixture. This factor l i m i t s the counting rate t h a t can be 
handled by a gas s c i n t i l l a t i o n d r i f t counter. I n addi t i o n small d r i f t 
v e l o c i t i e s 'result i n long electron d i f f u s i o n paths which f u r t h e r increase 
the width of the s c i n t i l l a t i o n pulse. A high d r i f t v e l o c i t y i s there-
fore an essential requirement i n a t t a i n i n g a high counting r a t e w i t h 
GSDC's. 
One of the methods recently u s e d ^ to measure the d r i f t v e l o c i t y 
of electrons i n gas mixtures i s to use a plane wire d r i f t chamber i n the 
time of f l i g h t mode. I n t h i s method a bunch of electrons i s formed a t a 
known distance from the anode wire by means of a beam of i o n i z i n g radia-
t i o n and i s allowed t o d r i f t under a constant e l e c t r i c f i e l d towards the 
anode wire where i t produces more electrons through the charge amplifica-
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t i o n process and forms a f a s t current signal which can be detected 
using Hult«ible electronic?*. The zero time signal which s i g n i f i e s the 
time of formation of the primary electron bunch, i s derived from a 
s o l i d s c i n t i l l a t o r placed i n the path of the ra d i a t i o n beam and the 
stop signal from the anode wire. The time i n t e r v a l between the zero 
time signal and the stop signal gives the d r i f t time and hence the d r i f t 
v e l o c i t y . The charge a m p l i f i c a t i o n f a c t o r which determines 
the size of the anode signal r e s t r i c t s the use o f t h i s method t o c e r t a i n 
gas mixtures i n which the signal amplitudes reach detectable leve l s 
before the chamber s t a r t s t o breakdown. I n these types o f gas mixtures 
the u l t r a v i o l e t photons produced around the anode wire are quickly 
absorbed by the gas i t s e l f and as a consequence a large charge amplifica-
t i o n i s possible before the production of the secondary avalanches. The 
above mentioned method i s not applicable to gas mixtures i n which the 
photon quenching a b i l i t y i s poor, as the photons can extract photo-
electrons from the cathode and produce secondary avalanches soon a f t e r 
the primary avalanche. The d r i f t v e l o c i t y o f electrons i n such gas 
mixtures (argon-nitrogen i s one example) can be obtained however, by 
operating the chamber i n the s c i n t i l l a t i o n mode under which the p r o b a b i l i t y 
of forming secondary avalanches i s n e g l i g i b l e since the operating voltage 
on the anode wire i s low. 
In contrast t o the conventional d r i f t chamber, the s c i n t i l l a t i o n 
d r i f t chamber can produce two t r i g g e r signals, the f i r s t of which occurs 
due t o the primary s c i n t i l l a t i o n o f the incoming p a r t i c l e . The primary 
electrons produced by the incident p a r t i c l e d r i f t towards the anode wire 
where they produce the secondary s c i n t i l l a t i o n s i g n a l . The time duration 
between the two photomultiplier signals which correspond t o primary and 
secondary s c i n t i l l a t i o n s gives the d r i f t time. 
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4.2.1 Experimental Set-up 
The oxpor intent Lai. ftrrangtnuont outlined in RLq ( I ) wa» uncd l o 
measure the d r i f t v e l o c i t y of electrons i n the argon-nitrogen mixture. 
The d r i f t chamber consisted of two wire cathode planes with 2 mm wire 
spacing, one anode wire and two f i e l d wires. The diameters of cathode, 
f i e l d and anode wires were 125 um, 125 urn and 200 um respectively. For 
d r i f t v e l o c i t y measurements however, a d r i f t chamber with a smaller 
diameter anode wire i s be t t e r than one wit h a larger diameter since f o r 
a given anode voltage a more uniform d r i f t f i e l d can be obtained w i t h 
the former. The f r o n t window of the chamber was a t h i c k earthed p l a t e 
of aluminium w i t h a s l o t cut a t the centre and the side facing the photo-
m u l t i p l i e r tube covered w i t h aluminized mylar t o increase the l i g h t 
r e f l e c t i o n . The r e s t o f the ch a r a c t e r i s t i c s of the chamber system are 
si m i l a r to the one described i n Chapter three. A collimated radioactive 
source of a-particles from Am^ "*" was placed i n the s l o t and f i x e d t o 
the aluminized mylar so that the beam d i r e c t i o n was normal to the cathode 
planes. The p o r t i o n of mylar close t o the collimator hole region was 
removed to increase the range of a-particles i n the gas medium and to 
reduce the m u l t i p l e coulomb scattering o f the beam. The diameter and the 
thickness of the collimator were 0.5mm and l o mm and the distance from the 
beam to the anode wire ( d r i f t distance)was measured to be 1.80 ± 0.05 cm. 
A block diagram of the timing electronics uaed i s shown i n Fig ( 2 ) . 
A time t o amplitude converter (T.A.C.) and a pulse height analyser (P.H.A) 
were used to measure the d r i f t time d i s t r i b u t i o n s . The T.A.C. works on 
the p r i n c i p l e of charging a capacitor from a hig h l y stable current source 
during the time i n t e r v a l between the s t a r t and the stop si g n a l . The 
re s u l t i n g voltage on the capacitor i s amplified, shaped and presented a t 
an output socket. The output i s then d i g i t i s e d and recorded on the P.H.A. 
63 
< 
X 
< 
LU 
I — 
cr < I — 
C/) 
Q. 
O 
- J 
LLi 
Q 
3 O < 
- J — z u i < a: 
LU 
< 
o o 
O 
o 
o 
CM 
o 
X 
9 0 
C 
o 
• 
D 
E 
LU 
o Oujzujcr<»—oa 
o < t - L L J 
LU Q-
V 
LU 
- J 
< a <n 
o 
3 
en o c o 
i n 
i n oo 
< 
O 
ill CO 3 
2 Q. 
QJ 
-Si c LU O 
CN 
d 
o 
Q 
by means of i t s b u i l t - i n analogue to d i g i t a l converter (A.D.C.). 
The output from the photomultiplier was divided i n t o two and 
converted separately i n t o f a s t NIM standard signals by means of a C.E.R.N 
multi-channel preamp-trigger which produced two simultaneous outputs (one 
inverted) f o r an input. The primary s c i n t i l l a t i o n signal (a preamp-
t r i g g e r output) was used t o s t a r t the T.A.C. To stop the T.A.C. by 
the secondary s c i n t i l l a t i o n s i g n a l , one of the preamp-trigger outputs 
was fed i n t o a l i n e a r gate and another output from the preamp-trigger was 
used to open the gate f o r a ce r t a i n duration, a t the time of a r r i v a l of 
the secondary s c i n t i l l a t i o n signal. The gate width and the delay were 
constantly monitored t o ensure t h a t the gate time window always contains 
the secondary s c i n t i l l a t i o n pulse. Under these conditions the l i n e a r 
gate output provided the necessary stop signal t o the T.A.C. I n order 
to s h i f t the d r i f t time d i s t r i b u t i o n t o convenient channels on the P.H.A, 
a known time of extra delay was introduced t o the stop s i g n a l . The data 
rate was kept low (< 50 Hz) t o avoid fals e s t a r t and stop signals being 
fed i n t o the T.A.C. 
The d r i f t times (channel numbers) were measured at d i f f e r e n t 
d r i f t f i e l d s and nitrogen concentrations. To investigate the e f f e c t of 
d r i f t distance on d r i f t time, some of the res u l t s were repeated f o r d r i f t 
distances, d, of 1 cm and 2.5 cm. The channel number corresponding t o 
zero d r i f t time was obtained by i r r a d i a t i n g the region around the anode 
wire w i t h a - p a r t i c l e s and noting the lowest channel to be excited. 
F i n a l l y the T.A.C. - P.H.A. system was ca l i b r a t e d by feeding i n pulses 
separated by known delays t o the T.A.C. using a pulse generator . The 
T.A.C. -P.H.A. system was found t o be l i n e a r throughout the operating 
range and the system s e n s i t i v i t y was found to be 10 ns/channel. I t was 
observed t h a t the r i s e time of the secondary s c i n t i l l a t i o n pulses was 
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much larger than t h a t of the primary s c i n t i l l a t i o n pulses. I n order to 
minimise the timowalk a r i s i n g from t h i s d i fference, both pulses were 
discriminated at a lower l e v e l (200 uV) to produce the NIM standard 
signals. I t was also found t h a t the amplitude o f the photomultiplier 
output dropped w i t h the nitrogen concentration i n the mixture. This 
reduction was compensated f o r by adjusting the photomultiplier voltage. 
The amplitude of the photomultiplier output was maintained at *\> 6 mV 
3 mV at each preamp-trigger input) throughout the experiment. 
4.2.2 Experimental Results 
4.2.2 (a) E f f e c t of the Anode Wire Potential on the D r i f t Time 
The collimated a-source was placed a t a distance o f 1.8 cm from 
the anode wire. The d r i f t f i e l d set by the cathode planes was kept at a 
f i x e d value and the d r i f t times of the electrons were measured a t d i f f e r e n t 
anode wire voltages. This measurement was repeated f o r d i f f e r e n t d r i f t 
f i e l d s and d i f f e r e n t concentrations o f nitrogen. The r e s u l t s are shown 
i n Fig ( 3 ) , which indicate a considerable dependence of d r i f t time on 
the anode wire p o t e n t i a l . This i s because the d r i f t v e l o c i t y of electrons 
i n the argon-nitrogen mixture does not a t t a i n saturation w i t h i n the work-
ing range of the d r i f t f i e l d , and therefore i s affected by the sense wire 
f i e l d . The e f f e c t of anode wire p o t e n t i a l on the measurement of d r i f t 
time was minimised by operating the anode wire a t the lowest possible 
p o t e n t i a l , which was found to be about 550 V. Furthermore, a l l the 
measured d r i f t times have been corrected f o r anode wire p o t e n t i a l e f f e c t 
as follows : 
Fig (3) shows th a t the p l o t o f d r i f t time against anode wire 
p o t e n t i a l i s l i n e a r on a log - l i n e a r graph. The gradients of the p l o t s 
for d i f f e r e n t concentrations o f nitrogen and d i f f e r e n t d r i f t f i e l d s are 
found t o be nearly the same. To obtain the correction f a c t o r , the d r i f t 
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times corresponding t o zero anode wire p o t e n t i a l were obtained by 
extrapolating the s t r a i g h t l i n e s to the d r i f t time axis. The correction 
factor i s the r a t i o o f the d r i f t time a t zero anode wire p o t e n t i a l t o 
that a t the p o t e n t i a l o f 550 V. The correction factors were calculated 
f o r d i f f e r e n t d r i f t f i e l d s and concentrations of nitrogen and the mean 
value of the correction f a c t o r so obtained was used t o correct a l l the 
subsequent measured d r i f t times f o r the d r i f t distance of 1.8 cm. The 
error involved i n assuming the same correction factor f o r a l l the 
measured d r i f t times i s less than 2%. A s i m i l a r procedure was followed 
to correct the d r i f t times f o r the d r i f t distances o f 1.0 cm and 2.5 cm. 
As expected, the correction factors f o r 2.5 cm and 1.0 cm. were smaller 
and larger respectively than the value f o r 1.8 cm. The measured and 
corrected values of the d r i f t times as a function o f the d r i f t f i e l d s 
fo r two d i f f e r e n t nitrogen concentrations are shown i n Fig ( 4 ) . 
The corrected d r i f t v e l o c i t i e s as a function o f d r i f t f i e l d f o r 
d i f f e r e n t d r i f t distances are shown i n Fig (5). The percentage of 
nitrogen i n the mixture f o r these measurements was 4.6. The curve f o r 
the 1.0 cm d r i f t distance i s i n good agreement w i t h t h a t f o r 1.8 cm. 
except at low d r i f t f i e l d values where the 1.0 cm values are s l i g h t l y 
higher than the 1.8 cm values. The curve f o r a d r i f t distance o f 
2.5 cm i s lower than the other two ; t h i s i s probably due to d i f f u s i o n 
e f f e c t s and the p o t e n t i a l dip around the f i e l d wire. 
4.2.2 (b) D r i f t Velocity as a Function of D r i f t F i e l d 
Fig (6) shows the corrected d r i f t v e l o c i t y measured as a funct i o n 
of d r i f t f i e l d f o r d i f f e r e n t nitrogen concentrations. Data f o r the 
d r i f t f i e l d s below 0.5 v/cm. Torr are s l i g h t l y inaccurate due t o the 
slow r i s e time o f the secondary pulse and above t h a t value, the v a r i a t i o n 
of r i s e time w i t h the d r i f t f i e l d was found t o be small ( t ^ 45 nS). 
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of drift field for different drift distances. 
Accuracy of the measurements was estimated to be ^ 5 per cent. The 
main feature o f these curves i s the monotonic increase od d r i f t v e l o c i t y 
w i t h the d r i f t f i e l d although the curve f o r smallest nitrogen concentra-
t i o n (1.96%) appears t o saturate j u s t outside the maximum d r i f t f i e l d 
t h a t could be obtained w i t h our chamber. The d r i f t v e l o c i t y r e s u l t s 
(2) 
obtained by C o l l i e t a l show t h a t both the saturated value of the 
d r i f t v e l o c i t y and the d r i f t f i e l d a t which the saturation occurs increase 
wi t h the nitrogen concentration, at le a s t f o r mixtures w i t h small nitrogen 
concentrations (see Fig (7) ) . Unfortunately we have not been able t o 
reach saturation v e l o c i t i e s w i t h the nitrogen concentrations given i n 
Fig (6) because of e l e c t r i c a l discharges across the electrode planes. 
4.2.2 (c) D r i f t Velocity as a Function of Nitrogen Concentration 
The d r i f t v e l o c i t y o f electrons i n the mixture was measured as 
a function of nitrogen concentration and the re s u l t s corresponding t o 
d r i f t f i e l d s of 1.02 and 0.59 V/cm. Torr are shown i n Fig ( 8 ) . The 
d r i f t v e l o c i t y - nitrogen concentration curve shows a maximum a t a 
nitrogen concentration o f about 2.5%. The dotted curves i n Fig (8) were 
calculated from the measured d r i f t v e l o c i t i e s i n pure argon and nitrogen. 
The metKod of c a l c u l a t i o n i s described i n Section 4.2.5. 
4.2.3 Comparison w i t h Other Results 
Most of the measurements o f d r i f t v e l o c i t y of electrons obtained 
with argon-nitrogen gas mixtures have been measured w i t h small nitrogen 
(3) 
concentrations o f less than 2%. However, Klema et a l , using an 
i o n i s a t i o n chamber, obtained the d r i f t v e l o c i t y of electrons i n a 
"pr e - p u r i f i e d " argon - 10% nitrogen gas mixture as a function of d r i f t 
f i e l d and t h e i r r e s u l t s are presented i n Fig (9) wi t h the r e s u l t s 
obtained i n the present study f o r an argon - 10% nitrogen mixture. The 
d r i f t v e l o c i t y values corresponding t o d r i f t f i e l d s above 0.5 V/cra. Torr 
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obtained i n the present study are i n agreement wi t h the values obtained 
by Klema et a l w i t h i n ten per cent. English and 11 a n n a ^ have also 
studied the d r i f t v e l o c i t y of electrons i n argon-nitrogen mixtures w i t h 
large nitrogen concentrations (0-20%), but t h e i r work was confined t o 
small d r i f t f i e l d s (0-0.6 V/cm.Torr) i n which range the results o f 
t h i s study are not very accurate. 
4.2.4 Calculation o f D r i f t Velocity f o r D i f f e r e n t Nitrogen 
Concentrations 
(4) 
English and Hanna suggested an approximate method of calcula-
t i n g the d r i f t v e l o c i t y of electrons i n a mixture o f gases from a 
knowledge o f the ch a r a c t e r i s t i c s of the constituents. A b r i e f d e scription 
of'the method of c a l c u l a t i o n i s given and the d r i f t v e l o c i t i e s f o r the 
mixture of argon and nitrogen are compared with the experimental r e s u l t s . 
I f the electron mean free path per t o r r and the average 
f r a c t i o n a l energy loss by the electron per c o l l i s i o n w i t h the constituent 
gases are known, the same quantities f o r the mixture of gases are given 
by 
t — = (1 - F)/, + F/, (4.1) 
XM \ XN 
V , = ( 1 ' F ) n A A + F n N/ <4'2> 
AM AA AN 
where X*s arid n's are the mean free paths per t o r r and average f r a c t i o n a l 
energy losses per c o l l i s i o n respectively. A, N and M r e f e r t o pure argon, 
pure nitrogen and mixture containing a f r a c t i o n F of nitrogen respectively. 
The r e l a t i o n between the d r i f t v e l o c i t y W, e l e c t r i c f i e l d 
strength E and the a g i t a t i o n a l v e l o c i t y U can be w r i t t e n ^ as 
w = ° - 8 2 6 i l) (|) (fM' <4-3) 
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where p i s the pressure of the gas i n Torr and e and m are the 
charge and mass of the electron respectively. Equation (4.3) merely 
expresses q u a n t i t a t i v e l y the f a c t t h a t the d r i f t v e l o c i t y i s proportional 
to the f i e l d strength m u l t i p l i e d by the time between c o l l i s i o n s . The 
h 
d e r i v a t i o n of t h i s equation i s given, f o r example, i n Ref ( 5 ) . The 
numerical constant which depends on the a g i t a t i o n a l v e l o c i t y d i s t r i b u -
t i o n o f electrons i s related to the Druyvesteyn d i s t r i b u t i o n . The 
r e l a t i o n between W and U can also be w r i t t e n as 
W2 = 0.413 n MU 2 (4.4) 
M 
Equation (4.4) can be derived by considering the amount of 
energy gained by an electron moving under an e l e c t r i c f i e l d and the 
subsequent losses through c o l l i s i o n s w i t h molecules, [ j * " * e * ^ o r a n 
electron traversing a distance d 
2 
M 
Substituting f o r W i n (4.3) from (4.4) and also s u b s t i t u t i n g 
the numerical values f o r e and m, equations(4.3) and (4.4) can be 
re w r i t t e n as 
E/ = 4.42 x l o " 1 6 U 2 (TV.) aj'1 (4.5) p M M 
W = 0.642 U ( n j (4.6) 
M 
A and n can be calculated as a function o f U from equations M M 
(4.1) and (4.2), i f A , A , TV and n are known functions of U. Thus 
the values o f W and E/ can be obtained f o r a p a r t i c u l a r value o f U by 
P 
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s u b s t i t u t i n g X and n corresponding to the same U value i n equations M M 
(4.5) and (4.6). 
The mean freepath per t o r r and the average f r a c t i o n a l energy 
loss o f electrons i n pure argon and nitrogen have been calculated from 
the f ollowing e x p r e s s i o n s ^ 
A = 7.38 x 10~ 9 W ( k ) (4.7) 
2 
n = 2.21 x l o " " 1 4 j ~ (4.8) 
where k i s the measured value of the Townsend's energy f a c t o r which i s 
defined as the r a t i o of the mean a g i t a t i o n a l energy of the electrons 
to the mean thermal energy o f gas molecules. I n the der i v a t i o n of 
re l a t i o n s (4.7) and (4.8) a Druyvesteyn d i s t r i b u t i o n of electrons has 
(2) 
been assumed. The d r i f t v e l o c i t y measurements of C o l l i and Facchini 
(7) 
f o r pure argon and the d r i f t v e l o c i t y measurements of Nielson f o r 
pure nitrogen have been used to calculate A,, n , A„ and n . The 
A A N N 
(fi) 
values of k obtained f o r nitrogen by Crompton and Sutton and f o r 
argon by Townsend and Bailey (as quoted by Townsend ^ ) have been used. 
Following the above procedure the d r i f t v e l o c i t y as a function 
of E/ has been calculated f o r d i f f e r e n t concentrations of nitrogen. P 
The d r i f t v e l o c i t i e s obtained for E/ = 0.59 and 1.02 V/cm.Torr have 
P 
been p l o t t e d as a function o f nitrogen concentration i n Fig ( 8 ) . The 
calculated values are found to be consistently higher than the 
measured values, but the shapes of the calculated curves are very s i m i l a r 
to those o f the experimental curves. The maxima of the measured d r i f t 
v e l o c i t y curves are nearly at the same positions as the calculated d r i f t 
70 
v e l o c i t y curves. The disagreement between the calculated and measured 
values of d r i f t v e l o c i t y could be due t o two reasons. 
(1) Since the d r i f t v e l o c i t y of electrons i n pure argon i s 
extremely sensitive t o small amounts of im p u r i t i e s , the 
values of W and also of k obtained by Townsend et a l are 
probably not representative o f a pure gas. 
(2) Deviation of the actual energy d i s t r i b u t i o n of electrons 
from the Druyvesteyn d i s t r i b u t i o n law f derived by assuming only 
e l a s t i c c o l l i s i o n s between electrons and gas molecules, and 
mean free paths (a 1/elastic scattering cross-section) between 
c o l l i s i o n s independent of electron energy. This s i t u a t i o n i s 
far from r e a l i t y especially i n the case of gas mixtures contain-
ing a molecular gas and a noble gas because of the i n e l a s t i c 
c o l l i s i o n s of electrons w i t h the gas molecules and the complex 
energy dependent e l a s t i c cross-section of electrons i n noble 
gases. I t i s found t h a t most p r a c t i c a l s i t u a t i o n s can be 
described however, by assuming e i t h e r a Druyvesteyn or a 
Maxwellian d i s t r i b u t i o n of electrons. 
The mean a g i t a t i o n a l energy o f electrons E, mean free path per 
Torr x M and t h e average f r a c t i o n a l energy loss per c o l l i s i o n are 
also p l o t t e d as a function of nitrogen concentration i n Figs (10), 
(11) and (12) respectively. 
The d r i f t v e l o c i t y maximum obtained with the argon-nitrogen 
mixture can be explained q u a l i t a t i v e l y by considering the scat t e r i n g 
cross-section curves f o r pure argon and nitrogen. The momentum 
(8) 
transfer cross-section o f electrons i n pure argon as a function o f 
a g i t a t i o n a l energy i s shown i n Fig (13). I n general the momentum 
tran s f e r cross-section, q^, d i f f e r s from the t o t a l c o l l i s i o n cross-
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section q since the former value depends on any anisotropic behaviour s 
i n the sc a t t e r i n g process. For i s o t r o p i c scattering q^ - q^ and the 
(9) 
r e s u l t s o f Massey and Burhop show that f o r electrons the two values 
agree closely at low electron energies (< 10 eV) and t h a t q^ > q g at 
higher energies. 
The a g i t a t i o n a l energy o f electrons i n pure argon i s high 
even at moderate d r i f t f i e l d s , (see Fig (14) ) and a small a d d i t i o n 
(1-2%) o f nitrogen t o argon causes a rapid f a l l i n the a g i t a t i o n a l energy 
of electrons i n the l a t t e r (see Fig (10) ) . The change induced by t h i s 
addition on the electron s c a t t e r i n g cross-section curve f o r pure argon 
(curve i n Fig 13) i s n e g l i g i b l e however, as the nitrogen concentration 
i n the mixture i s very small. The scattering cross-section curve f o r 
pure argon can therefore be used t o explain the behaviour of argon-
nitrogen mixtures whose nitrogen concentration i s small compared t o 
argon. 
According t o the behaviour o f the s c a t t e r i n g cross-section 
curve f o r pure argon, the decrease i n a g i t a t i o n a l energy i s accompanied 
by a reduction i n the s c a t t e r i n g cross-section of electrons i n the 
mixture and as a r e s u l t the mean free path (or — ) o f electrons 
q s 
increases g i v i n g r i s e t o a higher d r i f t v e l o c i t y . Consistent w i t h 
t h i s argument, Fig (11) shows a sharp increase i n the mean free path 
for c o l l i s i o n , A , w i t h the addition o f a small percentage o f nitrogen. 
M 
The increase i n the f r a c t i o n a l energy loss of electrons i n t h i s region 
(see Fig (12) ) i s mainly due to the i n e l a s t i c c o l l i s i o n s o f electrons 
with nitrogen molecules and i s the main reason f o r the rapid f a l l i n 
the a g i t a t i o n a l energy w i t h the addition o f nitrogen. 
As the percentage o f nitrogen i n the mixture i s increased, the 
e l a s t i c s c a t t e r i n g cross-section of electrons i n nitrogen begins t o 
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dominate and gradually i t f i l l s up the cross-section dip (Ramsauer dip) 
i n the argon cross-section curve, r e s u l t i n g i n shorter electron mean 
free paths f o r c o l l i s i o n s and hence smaller d r i f t v e l o c i t i e s . This 
change over from increase t o decrease o f d r i f t v e l o c i t y should take 
place at a small nitrogen concentration since the electron s c a t t e r i n g 
cross-section i n n i t r o g e n i s much larger than t h a t i n argon f o r 
small a g i t a t i o n a l energies (see Fig (13) ) . 
4.3 SECONDARY SCINTILLATION LIGHT GAIN 
The amount of secondary s c i n t i l l a t i o n l i g h t emitted per u n i t 
energy loss of the incident r a d i a t i o n i n a GSDC operating a t high rate 
i s of great importance f o r two reasons :-
( i ) I f the gas mixture i s e f f i c i e n t i n producing secondary 
l i g h t , the counter can be operated at low anode voltages t o 
minimize the space charge effects which gre a t l y deteriorate the 
performance of the counter at high rate. 
( i i ) The energy reso l u t i o n of the counter improves w i t h greater 
l i g h t output. 
As mentioned i n chapter three the production of secondary 
electron-ion pairs i s in e v i t a b l e during the secondary s c i n t i l l a t i o n 
process around the anode wire. The l i g h t gain i s therefore always 
accompanied by a corresponding charge gain which i s defined as the 
r a t i o o f secondary s c i n t i l l a t i o n charge t o the primary charge. 
I t i s obvious t h a t the secondary s c i n t i l l a t i o n l i g h t output i s 
a function o f nitrogen concentration i n the mixture. I n order t o 
achieve successful operation of the counter, the percentages o f the 
constituents of the gas mixture must be chosen i n such a way t h a t the 
l i g h t output f o r a f i x e d charge gain i s a maximum. I t was w i t h t h i s 
i n t e n t i o n t h a t the l i g h t and charge gain i n the argon-nitrogen mixture 
were investigated. 
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4.3.1 Experimental Arrangement 
A planar s c i n t i l l a t i o n proportional chamber was used i n these 
measurements i n order t o avoid the unnecessary d r i f t voltage and the 
undesirable gap between the outer cathode plane and the earthed plane. 
The experimental system i s shown i n Fig (15). The whole chamber was 
b u i l t from perspex. The two cathode planes and the anodw wire plane 
were made out of three separate frames i n order t o have f l e x i b i l i t y i n 
thickness of the active volume of the chamber. The outer cathode was 
a plate of aluminium, the inside o f which was covered w i t h aluminised 
mylar. A small hole was pierced on the pl a t e close t o i t s centre i n 
order to allow r a d i a t i o n i n t o the chamber. The inner cathode plane 
was made from 120 urn diameter copper-Beryllium wires w i t h 1 mm spacing. 
A 200 um diameter n i c k e l wire was used as an anode. On e i t h e r side o f 
the anode wire there was a p o t e n t i a l wire (300ym diameter) t o f a c i l i t a t e 
the d r i f t o f the electrons towards the anode wire. The distance from 
the anode wire to each cathode plane was 6 mm. The r e s t o f the design 
of the chamber was i d e n t i c a l to the one (GSDC) described i n chapter three. 
The anode wire was connected to a p o s i t i v e H.T. power supply and 
both the cathode planes and the p o t e n t i a l wires were at earth p o t e n t i a l . 
241 
A collimated source of Am a-particles (5.486 MeV) was f i x e d f i r m l y 
w i t h double sided adhesive tape to the hole i n the outer cathode plane 
to allow a-particles i n t o the chamber without passing through a window 
material. The charge pulse produced by an X-ray source i s not s u f f i c i e n t 
to be detectad but the amount of charge produced by an a-source can be 
detected e a s i l y . The thickness o f the colli m a t o r was adjusted so th a t 
the range of a-particles extends t o the inner cathode plane. The range 
of 5.47 MeV a-particles both i n argon and nitrogen a t NTP i s approximately 
A (ID 
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and charge gains of a G.S.PC . 
Hie l i g h t output from the photomultiplier and the charge output 
from the anode wire were obtained through a decoupling H.T. ceramic 
capacitor (5000 pF) and amplified by means of a F.E.T. input charge 
sensitive a m p l i f i e r (T * 100 nS) and a Nuclear Enterprise main 
amp l i f i e r , NE 4658 (with equal i n t e g r a t i n g and d i f f e r e n t i a t i n g time 
constants of 0.8 u sec)• The amplitude of the output ( i n t o 50 Q ) 
was measured on a Tektronix, TEK 475, oscilloscope. 
The secondary s c i n t i l l a t i o n pulse height was found t o r i s e 
sharply w i t h anode voltage and as a r e s u l t the preamplifier appeared 
to saturate at r e l a t i v e l y low anode wire voltages. I n order to avoid 
such saturations i n the system and to obtain measurements over a large 
range of anode voltages (0 - ^ 3000 V) the following procedure was 
adopted. 
( i ) The photomultiplier was operated at r e l a t i v e l y low 
voltages (900 V - llOO V). 
( i i ) An attenuator (attenuation of 1 dB) was inserted 
between the preamplifier and the photomultiplier output t o 
reduce both primary and secondary s c i n t i l l a t i o n amplitudes 
to reasonable levels before commencing the measurements. 
( i i i ) The photomultiplier was operated w e l l below i t s saturation 
l i m i t and the required dynamic range i n the output pulse 
height was achieved by operating the photomultiplier at a lower 
voltage f o r higher anode wire voltages and l a t e r normalising 
a l l the pulse heights t o one photomultiplier voltage. 
4.3.2 Results (a) Light Gain 
Fig (16) shows the dependence of the secondary l i g h t gain on the 
applied anode Voltage f o r d i f f e r e n t nitrogen concentrations. I t should 
be mentioned t h a t the f i r s t few values i n each curve are not very accurate 
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because of the small secondary l i g h t amplitudes. 
All. the curves show two d i s t i n c t slopes, one at Low anode 
voltages and the other at high anode voltages, though they can not be 
distinguished a t the middle. These slopes can be a t t r i b u t e d t o two 
stages i n the l i g h t production mechanism j a t low anode voltages the 
secondary l i g h t production i s mainly due t o the excitations of the gas 
atoms only by the primary electrons, but a t high anode voltages the 
primary electrons acquire more energy from the e l e c t r i c f i e l d and produce 
more secondaries which then dominate i n the l i g h t production process. 
Another feature of these curves t o be noted i s the drop i n the l i g h t gain 
with nitrogen concentration f o r a f i x e d anode voltage (2000 V) (see 
Fig (17) ) . I t can be seen from Fig (17) t h a t the l i g h t gain drops w i t h 
nitrogen concentration w i t h an i n d i c a t i o n o f a maximum a t about 1% U^. 
A maximum was also obtained i n the secondary l i g h t amplitude 
at 2% nitrogen concentration, (see Fig (18) ) . The same general behaviour 
(12) 
has been observed by Policarpo et a l working at 1000 Torr. They 
found the maximum l i g h t output f o r secondary s c i n t i l l a t i o n a t a nitrogen 
concentration o f 2.5%. I n contrast t o the maximum obtained i n the l i g h t 
gain curve the maximum i n the secondary l i g h t output curve near 2% 
i s e n t i r e l y due to the lack o f s e n s i t i v i t y of the photomultiplier t o 
photons i n the f a r u l t r a v i o l e t region i n which most of the emission from 
the argon-nitrogen mixture occurs. This i s due to i n s u f f i c i e n c y o f 
nitrogen population which would convert the argon excited states t o 
(13) 
nitrogen excited states. This has been investigated by Alves et a l 
using a photomultiplier and a quartz window coated w i t h p-quaterphenyl 
wavelength s h i f t e r . Their r e s u l t s are shown i n Fig (19). The f l a t 
response obtained f o r small nitrogen concentrations i s clear evidence 
of the f a c t t h a t lack of spectral s e n s i t i v i t y o f the detection system 
creates the l i g h t output maximum a t 2.5% of nitrogen. 
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(b) Primary S c i n t i l l a t i o n Light Output 
The primary s c i n t i l l a t i o n pulse height was also measured w i t h no 
voltage applied to the chamber and without an attenuator i n the system 
as a function o f nitrogen concentration and the re s u l t s are shown i n 
Fig (20). They indicate that the maximum primary pulse height f o r an 
argon-nitrogen gas mixture at 760 Torr can be obtained w i t h 'x* 8.5% 
nitrogen concentration. The drop i n the l i g h t output at small con-
centrations of nitrogen i s again due to the i n s u f f i c i e n c y of the nitrogen 
population i n the mixture and poor photomultiplier response. The 
decrease i n amplitude at higher concentrations i s mainly due t o c o l l i s i o n 
(14) 
quenching processes. I n the absence of an e l e c t r i c f i e l d Teyssier 
et a l using an UV sensitive photomultiplier (A = 2200-5000 8 ) a t 
p = 450 Torr, obtained a maximum l i g h t output f o r 6% nitrogen concentra-
t i o n . E g g l e r ^ ^ et a l also using a pyrex window photomultiplier and a 
wavelength s h i f t e r , obtained a maximum pulse height f o r 10% nitrogen 
concentration at 5000 Torr. The value obtained by Grun and Schopper^"^ 
using a photomultiplier w i t h a perspex window at 585 Torr was 2.5%. 
(c) Charge Gain 
The amplitude of charge pulses was measured as a function o f the 
anode voltage f o r the same nitrogen concentration values given i n 
Fig (16) and the gain calculated from the re s u l t s are shown i n Fig (21). 
For small anode voltages, the charge gain grows less r a p i d l y than l i g h t 
gain and t h i s confirms the f a c t t h a t a t small e l e c t r i c f i e l d s the main 
l i g h t production i s through the e x c i t a t i o n o f gas atoms. Large l i g h t 
gain f o r a small charge gain i s obviously an important requirement i n 
high counting rate work since i t allows the counter t o handle high 
r a d i a t i o n fluxes without forming a space charge cloud around the anode 
wire. Fig (17) also represents the charge gain as a function o f nitrogen 
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concentration f o r a f i x e d anode voltage (2000 V). A small reduction 
i n the charge gain i s apparent at small nitrogen concentrations. This 
can be explained as being due t o loss of some of the primary electrons 
created close to the cathode planes, through d i f f u s i o n e f f e c t s since the 
e l e c t r i c f i e l d near the cathodes i s generally small and the d i f f u s i o n 
c o e f f i c i e n t o f electrons i n pure argon i s high. The maximum i n the 
l i g h t gain curve (Fig 17) i s also a d i r e c t consequence of t h i s e f f e c t . 
Several authors^#17,18) ^ a v e s h o w n experimentally as w e l l as 
t h e o r e t i c a l l y t h a t the energy d i s t r i b u t i o n of electrons i n argon can 
be s h i f t e d t o low energies by adding a small amount o f molecular gas t o 
(17) 
argon (also see Fig (10) ) . I n p a r t i c u l a r , Uman has solved the 
Boltzmann equation f o r the electrons immersed i n binary gas mixtures such 
as Ar-H^ and Ar-CX)^ i n the presence of a s t a t i c e l e c t r i c f i e l d t o show 
t h i s e f f e c t . As an example, the e f f e c t on the electron energy d i s t r i b u -
t i o n upon addition of a small amount of CX^  to argon i s shown i n Fig (22) . 
A s i m i l a r behaviour i s expected with the argon-nitrogen gas mixture. 
According to the findings mentioned i n the preceding paragraph, 
the charge gain f o r a f i x e d anode voltage should decrease w i t h the 
nitrogen concentration since more and more primary electrons f a i l t o 
ionise argon atoms. I n f a c t t h i s i s exactly the s i t u a t i o n as can be 
seen from the charge gain measurements i n Fig (21). 
As a consequence of the reduction i n charge gain, the l i g h t gain 
also decreases w i t h nitrogen concentration f o r anode voltages which 
correspond to charge gains greater than 1. This apparent reduction i n 
the l i g h t gain can be compensated by increasing the anode voltage w i t h 
nitrogen concentration so t h a t the charge gain i s independent of the 
nitrogen concentration or a l t e r n a t i v e l y , the l i g h t gain can be obtained 
for a f i x e d charge gain using l i g h t and charge gain curves i n Figs (16) 
and (21) respectively. 
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F i g (23) shows the behaviour of the 'corrected 1 l i g h t gain with 
nitrogen concentration. Corrections were made using the second method 
mentioned i n the preceding paragraph. The l i g h t gain i s found to be 
p r a c t i c a l l y constant up to the maximum nitrogen concentration (15%) used 
i n the t e s t s , though some of the points are s l i g h t l y scattered. One 
of the deductions that can be made from t h i s r e s u l t i s that the v a r i a t i o n 
of the amplitude of the secondary s c i n t i l l a t i o n pulses with nitrogen 
concentration i s s i m i l a r to that of the primary s c i n t i l l a t i o n . Drop 
i n the l i g h t gain at small nitrogen concentrations i s again due to the 
loss of primary electrons through d i f f u s i o n . 
4.4 CHOICE OF THE OPERATING PARAMETERS 
4.4.1(a; The Optimum Value for Nitrogen Concentration i n the 
Gas Mixture 
I n order to ensure the successful operation of the C.S.D.C's 
at high rate the percentages of the constituents of the gas mixture must 
be chosen such that the r e s u l t i n g mixture f u l f i l s the following require-
ments . 
( i ) The gas mixture must possess a high d r i f t v e l o c i t y for 
electrons. 
( i i ) The s c i n t i l l a t i o n l i g h t output must be large. 
( i i i ) I t must produce l i g h t pulses with small width. 
The dependence of the f i r s t two parameters on the nitrogen percent-
age has already been discussed i n t h i s chapter. The d r i f t v e l o c i t y 
measurements show that nitrogen concentration of ^ 2% gives maximum d r i f t 
v e l o c i t y for a given d r i f t f i e l d - i n f a c t concentrations of more than 1% 
are acceptable. Regardless of t h i s , nitrogen concentrations greater than 
2% are more convenient since much higher d r i f t v e l o c i t i e s can be achieved 
by increasing the d r i f t f i e l d . However, very high d r i f t f i e l d s are 
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undesirable because they produce very high e l e c t r i c f i e l d s in the gap 
between the d r i f t cathode plane and the earthed plane causing noise or 
discharges across the planes. 
According to the l i g h t gain measurements maximum l i g h t ampli-
tude can be obtained with a nitrogen concentration around 8.5%. Large 
nitrogen concentrations are not suitable because of t h e i r high quenching 
power. 
As mentioned i n chapter two the addition of nitrogen to argon 
has a great e f f e c t on the width of the l i g h t output. I n order to 
investigate t h i s e f f e c t the same s c i n t i l l a t i o n d r i f t chamber system 
used i n the d r i f t v e l o c i t y measurements was used with a collimated X-ray 
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source (Fe , 5.9 keV). The X-ray source was placed i n the s l o t so 
that i t s beam traversed normal to the d r i f t planes 8 mm away from the 
anode wire, and the amplified pulse widths (using a Nuclear Enterprise 
NE.4634 f a s t amplifier) were measured on the Tektronix 475 oscilloscope 
for d i f f e r e n t nitrogen concentrations under constant d r i f t v e l o c i t y 
(2.2 cm usee) and constant pulse amplitude (80 mV). The r e s u l t s are 
shown i n F i g (24). As expected the pulse width drops with the nitrogen 
concentration. The widths given i n the figure are the f u l l widths of 
the pulses. The maximum pulse width was obtained when there was no 
nitrogen ( i . e . pure argon) i n the mixture and i t s length was mainly due 
to a long t a i l formed by the long l i v e d excited s t a t e s . The addition 
of nitrogen greatly reduces the t a i l of the pulses with some improvements 
in the r i s e time as w e l l . These e f f e c t s are c l e a r l y seen i n F i g (25). 
The r e s u l t s from the pulse width measurements together with the 
d r i f t v e l o c i t y and l i g h t gain measurements suggest a gas mixture with 
10% nitrogen as a reasonable compromise which s a t i s f y a l l the require-
ments mentioned at the beginning of t h i s section to a greater extent. 
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4.4.1(b) E f f e c t of Other Molecular Gases on the Pulse Width 
The addition of molecular gases such as carbon dioxide or 
methane to the argon-nitrogen mixture has a considerable e f f e c t on the 
(19) 
pulse width. Charpak et a l using a mixture of 48% Ar - 48% N 2 -
4% co a t a d r i f t f i e l d of 1.2 kv/cm obtained a pulse width close to 
30 nS for 5.9 keV photons, but they had to increase the charge gain up 
to 300 i n order to obtain a reasonable l i g h t amplitude from t h e i r 
system. The necessity of such a high charge gain around the anode wire 
i s c l e a r l y a d i r e c t consequence of the excessive c o l l i s i o n a l quenching 
of the excited states by nitrogen and carbon dioxide molecules. 
To study the e f f e c t on the pulse width of the addition of methane 
to Ar-10% N 2 mixture, the same d r i f t chamber, X-ray source and the 
e l e c t r o n i c s described i n section 4.4.1 a were used. Argon-nitrogen 
mixtures with small percentages of methane were obtained by mixing 
correct amounts of pure argon, pure nitrogen and pre-mixed Ar-10% CH^ 
mixture. The pulse width and the amplitude of the s c i n t i l l a t i o n pulse 
were measured as a function of methane concentration and the r e s u l t s 
are shown i n F i g (26). A sharp f a l l i n the amplitude of the pulses 
was observed with some reduction i n widths with increase i n methane 
concentration. The charge gain measurements with these mixtures 
indicated no changes on the charge amplification process around the 
anode wire with addition of methane (see F i g (27) ) . The reduction i n 
amplitude of the s c i n t i l l a t i o n pulses i s therefore mainly due to the 
quenching of the argon and nitrogen excited states by methane. The 
argon metastable quenching rate constants of various molecular gases 
are given i n lable (4.1) which also indicates that most of the 
polyatomic molecular gases including C0 2 and CH^ have very much higher 
quenching powers than nitrogen. 
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Qunnchinrj 
Molecule 
Ar (3j. Ar* Op ) 
o 
kQ 
N 2 3.6 5.8 1.6 2.5 
°2 21 35 24 41 
C 1 2 47 95 - -
C°2 53 97 59 108 
C S 2 106 218 - -
C H 4 33 45 55 74 
C 2 H 6 66 109 
C 3 H 8 73 134 
C4 HX0 76 149 
k has units of 10 ^ cm"^.molecule \ s e c ^ : a = — Q Q v 
TABLE 4.1 Metastable argon quenching r a t e constants and c r o s s - s e c t i o n s (20) 
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4.4.2 Anode Wire Diameter 
The diameter of the anode wire i n a G.S.D.C. i s an important 
parameter e s p e c i a l l y when using the l a t t e r as a high rate counter since 
i t can a f f e c t the performance of the counter i n a number of ways. The 
diameter of the anode wire must therefore be selected to f u l f i l c e r t a i n 
requirements. 
(1) Light gain around the anode wire for a fixed charge gain must 
be high i n order to a t t a i n high counting rates before the space 
charge e f f e c t s become appreciable. 
(2) I t must provide a good e f f i c i e n c y plateau. 
(3) The depth of the s c i n t i l l a t i o n region, which determines the 
width of the secondary s c i n t i l l a t i o n pulse, must be small. 
Light gains and charge gains for d i f f e r e n t wire diameters were 
measured using an a - p a r t i c l e source and the system described i n section 
4.3.1, and the r e s u l t s are presented i n F i g (28). Three wire diameters 
were used i n the t e s t and, as expected the l i g h t gain for a fixed charge 
gain was found to increase with diameter of the wire. For example a 
charge gain of 10 y i e l d s a l i g h t gain of 8 0 (±7%) with 205 um diameter 
wires where as i t y i e l d s 135 (± 7%) with 410 ym wires. The e f f i c i e n c y 
55 
plateaus were also obtained for d i f f e r e n t wire diameters using an Fe 
X-ray source and a G.S.D.C. The output from the G.S.D.C. was amplified 
and discriminated at a fixed threshold l e v e l , by means of a N.E. f a s t 
amplifier (NE 4634) and a N.E. f a s t discriminator (NE 8684) respectively 
and fed to a f a s t s c a l e r (20 MHz, Borer Type 512) . Pulse widths were 
also measured on a Tektronix 475 oscilloscope and the change i n pulse 
width with the wire diameter was found to be negligibly small up to the 
largest diameter (410 pm) used i n the t e s t . The e f f i c i e n c y plateaus 
83 
I N I I | 1 | M | 1 1 • » 1 I I I I I I I 1 
O 
CD 
CM 
o in 
« E 
OS cn 
OS 
CA T J CM f6 
\ 
\ 
o * 
cn 
0>> 
CN 
8 OS 
oo 
cn 6> 
01 
OS m o (N CO n | o > -J o I 
I I. i i M i l 1 1 1 I I 
n5 
cn 
(count rate as a function of anode voltage) for a constant d r i f t f i e l d 
(700 V/cm) are shown i n F i g (29). Ar-10% N 2 was used both i n l i g h t gain 
and the plateau measurements. As seen i n F i g (29) the width of the 
plateau increases with the wire diameter and for smaller diameter wires 
the plateaus are v i r t u a l l y non-existent because of the formation of 
secondary avalanches. However, i n the case of smaller diameter wires 
the amplitude of the pulses reaches the threshold l e v e l s e t by the 
discriminator for smaller anode wire voltages, since the e l e c t r i c f i e l d 
which causes e x c i t a t i o n and i o n i s a t i o n around them i s higher than that 
(21) 
around larger diameter wires. Marel et a l investigated the 
v a r i a t i o n of width of the e f f i c i e n c y plateau with sense wire diameter i n 
a conventional d r i f t chamber. Their r e s u l t s (see F i g (30) ) show that 
a larger diameter wire requires a higher voltage than that required for 
smaller diameter wires to produce the same charge amplification. Also, 
the width of the plateaus decrease with the wire diameter since the 
breakdown voltage (ends of plateaus) which i s mainly determined by the 
production of uv photons ( l i g h t ) , i s nearly the same for a l l three 
diameters. This c l e a r l y shows that although the l a r g e s t diameter wire 
i s the most i n e f f i c i e n t one i n producing secondary electrons for a given 
e l e c t r i c f i e l d around the wire, i t s l i g h t production e f f i c i e n c y i s 
higher than the other two, and t h i s f a c t confirms the r e s u l t s i n 
Table 4.2 and F i g 28. 
I t i s c l e a r from Figs (28) and (29) that for a G.S.D.C. larger 
diameter wires are more suitable than smaller diameter wires. However, 
i t was decided to use 410 pm diameter wire, since extremely large 
diameter wires are mechanically inconvenient and may also produce broad 
pulses. 
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CHAPTER FIVE 
OPERATION OF PHOTOMULTIPLIERS AT HIGH COUNT RATE 
5.1 INTRODUCTION 
The r a t e c a p a b i l i t y o f t h e p h o t o m u l t i p l i e r i s one o f t h e most 
impor t a n t f a c t o r s which determine t h e performance o f G.S.D.C's a t h i g h 
counting r a t e s . Among the d i f f e r e n t types o f p h o t o m u l t i p l i e r (PM),one 
w i t h a focused dynode s t r u c t u r e i s most s u i t a b l e f o r t h i s k i n d o f opera-
t i o n s i n c e i t d e l i v e r s a f a s t and narrow e l e c t r o n pulse a t t h e o u t p u t . 
However, the performance o f PMs i s complicated by the f a c t t h a t the forma-
t i o n o f t h e e l e c t r o n avalanche (pulse) i s always accompanied by a number 
of p a r a s i t i c e f f e c t s which lead t o a d e t e r i o r a t i o n o f bot h t h e c o u n t i n g 
r a t e a b i l i t y and the ga i n s t a b i l i t y o f the tube. Because o f these 
v a r i a t i o n s i t i s necessary t o t e s t t h e phototubes intended f o r use i n a 
G.S.D.C. a t h i g h r a t e s i n order t o ensure t h a t t h e i r performances are 
adequate. This chapter describes some o f the e f f e c t s which are im p o r t a n t 
i n t h e o p e r a t i o n o f G.S.D.C's a t hi g h r a t e and i n p a r t i c u l a r t h e perform-
ance o f an RCA 8575 PM tube i n connection w i t h these e f f e c t s . 
5.2 FACTORS AFFECTING THE PERFORMANCE OF A PHOTOMULTIPLIER 
5.2.1 Dark Currents 
I f a p h o t o m u l t i p l i e r i s operated i n t o t a l darkness, some c u r r e n t 
w i l l be c o l l e c t e d a t t h e anode. This c u r r e n t , which i s known as the 
dark c u r r e n t , a r i s e s from a number o f causes and v a r i e s from one tube t o 
another, even i n a batch o f tubes b e a r i n g t h e same type number. One 
source o f dark c u r r e n t i s thermionic emission from the photocathode and 
f i r s t few dynodes. The magnitude o f the c u r r e n t i s an ex p o n e n t i a l 
f u n c t i o n o f t h e temperature a t which the tube e l e c t r o d e s are operated. 
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and i s given by t h e w e l l known Richardson equation 
2 2 —d) . 4innek T V T A T , c i = r e ( b . l ) 
h J 
2 
where i = t h e r m i o n i c c u r r e n t d e n s i t y (A/cm ) 
T = absolute temperature and a l l t h e o t h e r constants have t h e i r 
usual meanings. 
Another component o f dark c u r r e n t i s caused by p a r t i c l e s o f s t r a y i o n i s i n a 
r a d i a t i o n s such as cosmic ra y s , h i g h energy 3 - p a r t i c l e s and small amounts 
o f n a t u r a l r a d i o - a c t i v e m a t e r i a l s i n t h e glass o f t h e PM tubes producing 
p h o t o e l e c t r o n s a t the photocathode and dynodes. However, t h e r e s u l t s o f 
B i r k s e t a l ^ on luminescence o f glass and quartz show t h a t t h e produc-
t i o n o f photons f o r which the glass i s t r a n s p a r e n t , by Y~ r aY s i n c i d e n t 
on glass PM tube windows are n e g l i g i b l y s m a l l . I n a d d i t i o n another 
component o f dark c u r r e n t appears when o p e r a t i n g PMs which have been 
exposed t o l i g h t f o r a long t i m e . This dark c u r r e n t , which l a s t s f o r 
one or two days, a r i s e s from some e l e c t r o n s i n the photoemissive m a t e r i a l 
o f t he dynodes and the photocathode which have absorbed the l i g h t and 
jumped i n t o t r a p l e v e l s and l a t e r leave the m a t e r i a l a f t e r g a i n i n g energy 
from thermal sources. 
5.2.2 Feedback E f f e c t s and After-Pulses 
Feedback e f f e c t s are important when o p e r a t i n g a p h o t o r a u l t i p l i e r 
a t h i g h gains. With t h i s s i t u a t i o n i o n i s a t i o n o f r e s i d u a l gas i n the 
tube (mainly Caesium vapour) can t a k e place and i f t h e r e s u l t i n g p o s i t i v e 
ions and photons s t r i k e t he photocathode, the l a t t e r w i l l emit more 
e l e c t r o n s . I f the g a i n i s very h i g h the r e s u l t i n g c u r r e n t can even 
damage the tube. Feedback e f f e c t s t e n d t o be reduced i f the tube i s 
cooled, since t h e c o o l i n g reduces t h e vapour d e n s i t y o f caesium i n t h e 
tube. 
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I n pulsed operation of photomultipliers, the i o n i c and o p t i c a l 
feedback e f f e c t s can give r i s e to a f t e r pulses which produce spurious 
counts i n s c i n t i l l a t i o n counters and a f f e c t i t s energy resolution. 
These pulses are very l i k e l y to occur e s p e c i a l l y when the pulse of 
current at the anode i s high. The after pulses which occur a few 
microseconds a f t e r the main pulses are caused by p o s i t i v e ions while 
the pulses which occur some nanoseconds a f t e r the main pulses are a 
r e s u l t of o p t i c a l feedback. 
5 # 2 # 3 Saturation E f f e c t s 
There are two mechanisms which cause saturation of a photo-
m u l t i p l i e r tube i n the pulsed mode. The most commonly known e f f e c t i s 
the space charge l i m i t a t i o n a t the l a s t few dynodes and i s generally 
considered as the ultimate l i m i t a t i o n , though an increased voltage 
between the l a s t few dynodes can improve the si t u a t i o n to some extent. 
The most prominent consequences of t h i s l i m i t a t i o n are the non-linearity 
i n response to incident l i g h t and the broadening of the width of the 
output pulse. The other e f f e c t i s the creation of a r a d i a l voltage drop 
at the photocathode caused by large cathode current d e n s i t i e s . This 
(2) 
e f f e c t occurs only with semitransparent photocathodes which have a 
r e l a t i v e l y low resista n c e and once i t occurs i t can deteriorate the 
cathode to the f i r s t dynode electron c o l l e c t i o n e f f i c i e n c y by changing 
the e l e c t r i c f i e l d i n t h i s region. I n the case of the RCA 8575 photo-
tube, the peak cathode current at which t h i s e f f e c t begins to cause a 
-9 c non-linear response i s 10 amperes at a tube temperature of 22 C. 
5.2.4 Fatigue 
The performance of PM tubes can be affected by fatigue at the 
photocathode and dynodes i f the respective currents are high. Because 
of t h i s e f f e c t the s e n s i t i v i t y of the tube decreases over a short period 
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of time and i s believed to be due to the heating of the electrodes by 
the flow of current and the r e s u l t i n g evaporation of some of the 
caesium from the surface. Recovery or p a r t i a l recovery i s possible 
when the l i g h t source i s removed. Although the fatigue i s generally 
negligible i n pulsed operations i t may a f f e c t the performance of the 
PM tube i f pulsing rate and the average anode current are extremely 
high. 
5.2.5 Grain Variation with Count Rate 
As f a r as the G.S.D.C's are concerned, the most undesirable 
e f f e c t i s the v a r i a t i o n of the gain of the photomultiplier with count 
rate. This e f f e c t not only degrades the counting a b i l i t y of the counter 
but also adversely a f f e c t s the energy r e s o l u t i o n ^ of the X-rays which 
are being detected. Two types of gain variations have been observed by 
(3"*8) 
a number of workers . One type of v a r i a t i o n i s caused by a change 
i n p o t e n t i a l at the l a s t few dynodes r e s u l t i n g from large diversions of 
(3) 
current from the potential d i s t r i b u t i o n network to the tube. The other 
type of v a r i a t i o n i s due to changes occurring inside the photomultiplier 
i t s e l f . Both of these e f f e c t s w i l l be discussed in d e t a i l i n l a t e r 
sections. 
Most of the e f f e c t s described i n t h i s section are hard to control 
when large currents flow through the tube. The s t a b i l i t y in the operation 
of photomultipliers therefore can only be achieved by operating them a t 
anode currents which are w e l l below the maximum recommended anode current 
of the photomultiplier. 
5.3 EVALUATION OF AN RCA 8575 PHOTOTUBE 
C9) 
The RCA 8575 (35 CT) i s a 50.8 mm diameter, twelve-stage, 
l i n e a r focused type of photomultiplier with a semi-transparent caesium-
potassium- antimony (Bialkali)photocathode. I t features high quantum 
9o 
e f f i c i e n c y , low dark current, good time resolution c h a r a c t e r i s t i c s and 
i s intended primarily for use in pulse counting and high current applica-
t i o n s . Some of the important c h a r a c t e r i s t i c s and the sp e c t r a l response of 
the tube are shown i n Table 5.1 and Fig (14) o f Chapter two. The t r a n s -
mission properties of pyrex (Corning gl a s s . No.7740) extends the blue 
response of the tube (window) even below 3000 A and therefore i t i s s u i t a b l e 
for viewing the emission from argon-nitrogen mixtures, which Jies p r i n c i p a l l y 
between 3O0O-40O0 X. 
TABLE 5.1 C h a r a c t e r i s t i c s and Ratings of R.C.A. 8575 Photomultiplier 
Spectral Response see F i g (14) o f Chapter two 
Cathode, Semitransparent Caesium-Potassium-Antimony 
( B i a l k a l i ) . 
Window Pyrex Corning No.7740. 
Dynodes: Substrate Copper-Beryllium 
Secondary-Emitting Surface Beryllium Oxide 
Direct Inter-electrode Capacitances 
(Approx): Anode to dynode No.12 5 pF 
Anode to a l l other electrodes 6 pF 
DC Supply Voltage 
With voltage d i s t r i b u t i o n shown (3500 max V 
i n Table 5.2 ( 800 min V 
Between anode and dynode No.12 8 0 0 max V 
Between dynode No.12 and dynode 800 max V 
No. 11 
Between consecutive dynodes 400 max V 
Between dynode No.l and cathode)1000 max V 
\ 300 min V 
Between focusing electrode and 1000 max V 
cathode 
Average anode current 0.2 max mA 
Ambient Temperature Range -100 to 85° C 
C h a r a c t e r i s t i c Range Values: T y p i c a l ^ 
Anode pulse r i s e time 2.1x10 ^ s 
Electron T r a n s i t time a t 3000 V 3.1x10 S 
Mean Gain Deviation: 
With count rate change of 1000-10000 cps 1% 
For a period of 16 hrs a t a rate of 1% 
1000 cps. 
With voltage d i s t r i b u t i o n shown i n Table 5.2 
and DC supply voltage=3000 V 
Pulse current: 
Linear 0.15 A 
Space charge lim i t e d (saturated) 0 . 5 0 A 
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5.3.1 Dynode Potential Distribution Network 
An R.C.A.U'J75 phototube with a r e s i s t i v e dynode pot e n t i a l divider 
was used in the i n i t i a l t e s t s . A negative H.T. power supply was used to 
power the photomultiplier i n order to avoid the anode being a.c. coupled 
to the counting e l e c t r o n i c s . At high counting rates capacitors across 
the s i g n a l path are undesirable since they cause pile-up problems and 
therefore s h i f t s i n the base l i n e of the pulses. P o t e n t i a l s applied to 
(9) 
the dynodes were those recommended by the tube manufacturers for high 
peak current and f a s t applications. The potentials on the l a s t three 
dynodes were i n ascending order to suppress the space charges being 
formed i n the regions between those dynodes - (see F i g (1) ) . The 
r e s i s t a n c e values for the potential divider have been calculated on the 
basis that the current through the r e s i s t o r chain i s a t l e a s t 10 times 
larger than the l a r g e s t value of the anticipated anode current (^150 uA). 
The choice of resistance values for the voltage divider chain i s usually 
a compromise. I f low values of resistance per stage are used, the power 
drawn from the supply increases and as a r e s u l t the phototube noise may 
increase due to heating i f the divider i s mounted close to the tube. 
On the other hand, the use of high values of resistance per stage may 
cause deviation from l i n e a r i t y i f the divider chain current i s not main-
tained at a value which i s much higher than the tube current. Table 5.2 
(9) 
shows the r a t i o s of the potentials to be provided by a potential 
divider and F i g (1) represents the nearest preferred values to the 
calculated r e s i s t a n c e values. I n order to minimise the non-linearity 
e f f e c t s due to diversion of electron current from the potential divider 
to the tube, large capacitors (ceramic) were connected across the l a t t e r 
stages of the tube. 
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Value of the capacitors are given by the formula 
C - 1 0 0 y <5'2> 
where C i s i n farads, q i s the charge per pulse i n coulombs and V i s the 
voltage across the capacitor i n v o l t s . This formula applies for the 
anode to f i n a l dynode and the factor 100 i s used to l i m i t the voltage 
change across the capacitor to 1% maximum during a pulse. 
TABLE 5.2 Voltages to be provided by Divider (from R.C.A. manual) 
Between the following 
electrodes: 
Cathode (K) 
Dynode (Dy)and 
Anode (A) 
4.6% of Supply voltage (E) j 
multiplied by 
K - Dy 1 4.0 
1.0 
- °y 3 1.4 
^ 3 - * 4 1.0 
- oy 5 l.O 
oy 5 1.0 
Dy 6 • - oy 7 1.0 
Dy ? • " ^ 8 1.0 
% • - Dy 9 1.0 
% • " ^ 1 0 1.5 
- • P y n 2.0 
- D y l 2 4.0 
"*12 A 2.0 
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5.3.2 Experimental Set-up 
The experimental arrangement used i n the t e s t s i s shown i n F i g (2) . 
A constant l i g h t source and a pulsing l i g h t source were used to t e s t the 
performance of the photoraultiplier. The constant l i g h t source was a 
small yellow indicator lamp the i n t e n s i t y of which could be adjusted to 
produce d i f f e r e n t average anode currents thus simulating various count 
rates to which the phototube may be exposed . The pulsing source was 
a yellow l i g h t emitting diode (LED) driven by means of a TTL Nand gate, 
(11) 
a s t a b i l i s e d power supply and a pulse generator (see F i g (3) ) . The 
only v a r i a b l e s measured i n the t e s t s were pulse amplitudes, average anode 
currents and pulsing r a t e s . Pulse amplitudes and pulsing rates were 
measured on a Tektronix 7704 oscilloscope with a 7A16 amplifier and the 
average anode currents with a d.c. micro-ammeter. 
5.3.3 Results 
I n order to j u s t i f y the use of a constant l i g h t source to 
simulate d i f f e r e n t count rat e s , the following t e s t s were c a r r i e d out. 
The photomultiplier was pulsed with the LED pulser and the pulsing anode 
current was measured as a function of pulsing r a t e . A plot of the anode 
current versus pulsing rate i s shown i n F i g ( 4 ) . The pulsing source was 
then switched o f f and the anode current was set at 2 pA by illuminating 
the photocathode with the constant l i g h t source. Then i n addition to the 
constant l i g h t , pulsing was again introduced and the t o t a l anode current 
was measured as a function of pulsing r a t e . The 'exact count r a t e 1 
corresponding to the t o t a l currents were deduced from the above measure-
ments on the assumption that the equivalent count rate corresponding to 
a constant l i g h t current of 2 yA i s i d e n t i c a l to the count rate that can 
be obtained with a pulsing current of 2 UA. The exact count r a t e s were 
then plotted against the pulsing rates and the r e s u l t s are shown i n F i g (4) . 
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The comparison of r e s u l t s obtained with the constant l i g h t source plus 
pulsing with those obtained only by pulsing showed (within 2%)that 
as f a r as the current through the phototube i s concerned various count 
ra t e s can be simulated by biasing the photomultiplier with a 'calibrated* 
constant l i g h t current. F i g (4) also shows that r e l a t i o n s h i p between 
the anode current and the pulsing rate i s l i n e a r (slope of the curve i n 
the log-log p l o t i s unity) . i t must be mentioned here that when measuring 
the amplitude of the pulses i n the presence of a constant l i g h t current, 
the constant current part of the pulses were always subtracted from the 
t o t a l pulse amplitudes. This method has been adopted throughout the 
7 
remaining part of the t e s t s to obtain high pulsing rates (> 10 Hz). 
The amplitude of the photomultiplier pulses (across 50ft) and the 
average anode current were measured as a function of the pulsing rate for 
d i f f e r e n t photomultiplier voltages and the r e s u l t s are shown i n Figs(5) and 
( 6 ) . The pulse height, and hence the gain of the photomultiplier, has 
been found to increase with the pulsing r a t e . The s h i f t i n gain i s more 
pronounced at higher PM voltages, i . e . at higher anode currents. Previous 
measurements which have been done with the same photomultiplier i n con-
junction with a GSDC showed a s i m i l a r behaviour with pulses formed by 
5.9 keV X-rays (see F i g (7) ) . 
I n order to investigate the v a r i a t i o n of interdynode voltage 
supplied by the potential divider network with anode current, the i n t e r -
dynode voltages were measured using a valve voltmeter of input impedance 
200 Mfi at two d i f f e r e n t pulsing rates corresponding to anode currents of 
50 yA and 100 uA and the r e s u l t s are shown i n Table 5.3. I t shows an 
increase i n most of the interdynode voltages and a considerable drop 
i n voltage between l a s t dynode and the anode. The same e f f e c t has been 
(3) 
observed by Gupta and Nath 
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The electron current collected at the anode of a photomultiplier 
e s s e n t i a l l y comes from the potential divider chain to which the dynodes 
are being connected. "The diversion of electron current from the chain 
mostly occurs through the l a s t few dynodes, e s p e c i a l l y through the l a s t 
dynode^and i f these diversion currents are large, the potential difference 
between the l a s t dynode through a l l the stages back « 
to the cathode, w i l l increase considerably. 
TABLE 5.3 Variation of interdynode voltage with anode current 
1 
Interdyno 
anode current = 0 
de voltage (V) when 
anode current=50uA anode current=100uA 
K 310 310 315 
65 68 65 
-Dy3 95 97 100 
^ 3 65 65 60 
°y 4 -Dy5 65 65 70 
^ 5 -Dy6 65 65 70 
-oy 7 60 63 60 
65 67 67 
% -% 65 70 68 
% 75 77 75 
HO 109 108 
" ^ 1 2 205 202 198 
-A 115 105 104 
E = 1360V E = 1363V E = 1360V 
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This increase i n potential i s mainly due to the large drop i n 
voltage across the anode and the l a s t dynode. The gain of a photomultiplier 
increases therefore with the anode current. At extremely high pulsing 
rates the smoothing action of capacitors become l e s s e f f e c t i v e because of 
pile-up e f f e c t s . The small difference (3V) i n t o t a l A-K voltages given 
i n Table 5.3 i s due to the errors caused during the measurement of 
indiv i d u a l voltages. 
5.4 STABILISATION OF DYNODE POTENTIALS USING AN ACTIVE POTENTIAL 
DIVIDER 
I t i s c l e a r from the above discussion that a potential divider 
chain with a very high current compared to the anode current would be 
needed to s t a b i l i s e the potentials of the l a s t few dynodes. I n the 
present study, t h i s condition has been achieved by replacing the l a s t 
seven r e s i s t o r s i n the e x i s t i n g r e s i s t o r chain with an emitter follower 
(12) 
c i r c u i t chain as shown i n F i g (8) . The current gain property (3) 
of the emitter followerSenables the dynodes to contribute large currents 
to the anode current while drawing small currents, smaller by a factor 
of 3, from the potential divider ( r e s i s t o r ) chain. I t i s c l e a r that 
success of t h i s method depends on the value of 3 and therefore t r a n s i s t o r s 
with high 3 value should be employed i n the divider. 
5.4.1 Calculation of Resistance Values 
The po t e n t i a l divider has been designed to draw a current of 
1.5 mA from the power supply at 2000 V. The values for the r e s i s t a n c e s 
from R, to R can be calculated from the information given i n Table 5.2 1 6 
and considering the t o t a l chain current (1.5 mA). Values for r e s i s t a n c e s 
from R^ onwardshave been calculated as follows. 
Suppose the t o t a l current flowing through the divider chain i s 
I and the potential divider i s to be designed so that the emitter current 
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of the f i r s t t r a n s i s t o r (Tr.) i s I _ (see F i g (9) ) . 
1 E 
Considering the closed loop containing R q, Tr^ and Tfe^j 
\ R o + VEB = ( I " I E ) R7 ( 5 ' 3 > 
Since V <<I R I R - (I - I ) R (5.4) EB E o E o E 7 
and the R.H.S. of equation (5.4) represents the potential across 
Dy and Dy. which i s known from Table 5.2, and hence R can be 6 7 o 
calculated. Since the voltages across the other resistances (R -R^ 4) 
are also known, the following r e l a t i o n s can be used to c a l c u l a t e a l l the 
R values. 
\ - ( I - a v R 8 ( 5 - 5 ) 
V R = (I - " 2 I E ) R 9 (5.6) 
. 9 . 
V = ( I - CX7IJK, (5.7) R 1 4 E 14 
where a 
1+ 3 
I n order to evaluate the values of R, a numerical value must be 
substituted for I and i t should not be too small since 3 i s an increas-
E 
ing function of the c o l l e c t o r current (a I e ) . 
5.4.2 Design of the Potential Divider 
Tra n s i s t o r s used i n the divider were npn, high voltage, high 3, 
video t r a n s i s t o r s ; BF 259. According to the manufacturers data ,the 
BF 259 has the following c h a r a c t e r i s t i c s 
PT<max) I c(max) V C E 0 { M A X ) V C B O ( m a x ) h f e ( t y p ) f t ( t y p ) 
800 mW 100 mA 300 V 300 V 25 90 MHz 
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FIG.9 Section of the potential divider chain 
showing the currents through various 
components. 
A batch of t r a n s i s t o r s was purchased and after measuring t h e i r 
individual 3 values by means of a t r a n s i s t o r meter, seven t r a n s i s t o r s 
with highest 3 values were selected. Resistor values were c a l c u l a t e d 
assuming an emitter current of 0.75 mA through the f i r s t t r a n s i s t o r ( T r ^ ) . 
A l l the calculated values (in brackets) and the nearest preferred values 
of the resistances are shown i n F i g ( 8 ) . Two emitter follower stages 
were used across Dy^ and Dy 1 2 since the interstage voltage was too high 
for one t r a n s i s t o r . Transistors and r e s i s t o r s were separately mounted 
on two printed c i r c u i t boards and clamped to the phototube assembly as 
shown i n Fig (10). The assembly i t s e l f c o nsists of four thin wooden 
bars f i t t e d to a metal d i s c and carrying a perspex ring to which the 
phototube socket was f i t t e d a t the other end. A l l the connections 
between components and the pins i n the phototube socket were made with 
short wires i n order to minimise stray capacitances. To obtain the best 
o v e r a l l performance of the divider, t r a n s i s t o r s were connected down the 
chain i n such a way that t h e i r 3's were i n ascending order. Diodes, 
IN 918, were connected between emitters and bases of the t r a n s i s t o r s to 
prevent accidental over-voltaging of emitter base junctions i n the 
reverse d i r e c t i o n . Although such a s i t u a t i o n does not normally occur, 
i t could happen under f a u l t conditions or during the tran s i e n t turn-on 
or turn-off periods. Values of the capacitors used i n the c i r c u i t were 
s i m i l a r to those used i n the r e s i s t i v e potential divider. Output from 
the anode was taken through a coaxial cable. 
5.5 PERFORMANCE OF THE PM WITH AN ACTIVE POTENTIAL DIVIDER 
5.5.1 Variation of Interdynode Voltages with Anode Current 
Interdynode voltages of the PM were measured with a value v o l t -
meter under two conditions: 
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FIG.10 Photograph of the phototube base. 
. V 
» a 
(1) when the anode current i s zero, 
and (2) when the anode current i s about 180 PA (out of which 100 UA 
was due to the pulsing and the r e s t was due to the constant 
l i g h t source) 
Results of the measurements are shown i n Table 5.4. 
TABLE 5»4 Interdynode voltages a t two anode currents. 
Interdynode vol tage (V) when 
anode current = 0 anode current =180yA 
K - 305 306 
- ^ 2 71 71 
- oy 3 104 104 
- 71 71 
- oy 5 71 71 
- 71 71 
^ 6 - 70 70 
- % 70 70 
% - 71 71 
- 81 81 
- 132 132 
- % 2 215 215 
Dy 1 2 A 134 134 
The interdynode voltages were found to remain constant within 1% with 
the anode current. 
loo 
Oscillogram of photomultiplicr output pulse without constant 
light current (positive trigger pulse is also shown). 
Photomultiplier output when the anode current is 180 | IA 
out of which 100|JlA is due to the pulsing. 
FIG. 11 
Hor izon ta l ' 20 n s / d i v 
Vert ical 5mV/div(upper t race) 
1 V /d iv ( lower trace ) 
Hor i zon ta l : 2 0 n s / d i v 
Vert ical . 5mV/div(upper t race) 
1 V/div ( lower trace ) 
5.5.2 Variation of Pulse Height with Pulsing Rate 
The performance of the photomultiplier with the new potential 
divider was investigated using the same procedure discussed i n Section 5.3. 
F i g (11) shows the PM output pulses at a very small and a very large 
anode currents. I t i s apparent from F i g (11) that although the shape and 
amplitude of pulses are the same under both conditions, the base l i n e of 
pulses under the l a t t e r condition i s much thicker than that of the former 
because of the constant l i g h t current. The amplitude of anode pulses and 
the anode current were also measured as a function of pulsing rate for 
d i f f e r e n t photomultiplier voltages and the r e s u l t s are shown i n Figs (12) 
and (13). No appreciable change i n amplitude (within 3%) with pulsing 
rate have been observed up to an anode current very near to the maximum 
permissible anode current of the tube. 
I n order to ensure successful operation of the photomultiplier 
7 
with random pulses a t very high rate (> 10 pulses per second), i t was 
decided to improve the e x i s t i n g divider further by increasing the t o t a l 
divider current to a few milliamperes and by employing t r a n s i s t o r s of the 
same type but with 3 values higher than those used i n the e x i s t i n g 
divider network. Transistors were selected out of a large batch and the 
new p o t e n t i a l divider was made so that when the applied voltage was 2000 V the 
t o t a l current (I) through the chain and the emitter current (I_)through 
the f i r s t t r a n s i s t o r were 3.4 mA and 1.12 mA resp e c t i v e l y . Calculated 
r e s i s t a n c e values of the new chain are given i n Appendix 1. The v a r i a t i o n 
of pulse height and the anode current with pulsing rate for t h i s p otential 
divider are also given i n Figs(12) and (13). When the tube was i n 
operation, the temperature inside the housing near the potential d i v i d e r 
network was found to be about 3-4° C above room temperature ; t h i s 
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FIG. 13 Variation of photomultiplier anode current 
as a function of pulsing rate. 
increase i n temperature was believed to be too small to a f f e c t the 
performance of the phototube. 
Anomalous va r i a t i o n s i n gain with abrupt changes i n pulsing rate 
(5 7 8) 
have been reported 9 ' for c e r t a i n types of photomultiplier. I n the 
case of the 'RCA 8575 phototube, these v a r i a t i o n s were found to occur only 
o C8) at low temperatures 10 C) and one of the anomalies reported i s shown 
i n F i g (14). I n order to see i f t h i s type of v a r i a t i o n occurs i n the 
RCA 8575 phototube employed i n t h i s study, pulse heights were measured 
by changing the pulsing rate from 500 per sec to 5 x 10 per sec i n four 
equal steps. Once a change i n pulsing rate was made, pulse amplitude 
was recorded for a duration of 150 minutes before the second change i n 
the rate was made, i n order to investigate slow variations i n pulse 
height. The pulse height was found to remain constant within 2% against 
a l l the sudden variations i n pulsing rate and furthermore,no slow v a r i a t i o n s 
were observed throughout the t e s t which last e d for about seven hours. 
5.6 MEASUREMENTS ON AFTER-PULSING 
Spurious pulses originating from the photocathode a f t e r a r e a l 
pulse can cause errors i n counting experiments and degrade the pulse 
height resolution of the photomultiplier. Gulari et a l ^ ^ have 
measured the a f t e r pulsing rate as a function of delay time a f t e r a 
r e a l pulse for several RCA photomultipliers and found that the pulsing 
rate was negligibly small i n RCA photomultipliers for delay times between 
10-1000 nS. I n order to investigate t h i s e f f e c t i n the RCA 8575 photo-
tube , narrow l i g h t pulses corresponding to a photomultiplier output of 
20 nS (half-width) and height 35 mV, a f a s t discriminator (NE 8684, pulse 
p a i r resolution % 9 nS) and a 100 MHz s c a l e r were used. Light pulses 
were obtained from a yellow LED driven d i r e c t l y by a f a s t pulse generator 
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FIG. U Time behavior of pulse height during the 
period when the count rate is altered in such 
a manner as 0-1—0 001-0 01-1-10-1 kHz at 10*C, 
measured in an RCA 8575 tube. 
(HP 8004A) and the PM output a f t e r being discriminated a t 25 mV was 
fed i n t o the scaler via a Tektronix 475 oscilloscope. Count rates 
were measured on the scaler as w e l l as being observed on the o s c i l l o -
scope f o r d i f f e r e n t pulsing rates from 10 kHz to 1 MHz. The values 
obtained f o r pulsing rates i n each case agreed w i t h i n the s t a t i s t i c a l 
e r r o r . This c l e a r l y shows t h a t the a f t e r pulsing i s n e g l i g i b l y small 
for the RCA 8575 phototube (between 25 nS - 100 ysec) since the measure-
ments obtained using the oscilloscope do not include the a f t e r pulsing 
rates while the other method does. 
5.7 PHOTOMULTIPLIER PULSE RESPONSE 
The f a s t time response o f a photomultiplier i s o f prime import-
ance i n high counting rate applications. When a photomultiplier i s 
illu m i n a t e d by a very short l i g h t pulse, the r e s u l t i n g current pulse a t 
the anode i s not o f the same width as the o r i g i n a l l i g h t pulse but has a 
s l i g h t l y larger width due to fl u c t u a t i o n s i n the electron t r a n s i t time 
between the cathode and the anode. Another reason f o r broadening of the 
pulse response i s the imperfect e l e c t r i c a l matching o f the anode to the 
external c i r c u i t . I n general the form of the pulse response i s 
characterised by the r i s e time and the f u l l width a t h a l f maximum (FWHM) 
value of the output pulse, and depends on the l e v e l o f i l l u m i n a t i o n of 
the photocathode. However, i n most cases the r i s e time and FWHM of a 
pulse corresponding t o an emission of a single photoelectron from the 
cathode are used t o specify the pulse response of a photo m u l t i p l i e r . 
The single photoelectron r i s e time and FWHM are the smallest values t h a t 
can be obtained f o r these two parameters since i n t h i s case, v a r i a t i o n s 
i n electron t r a n s i t time between photocathode and f i r s t dynode do not 
i n t e r f e r e w i t h these values. However, when studying anode pulses which 
are formed from a number of photoelectrons ejected from the cathode, these 
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broadening e f f e c t s are usually not of much importance since the FWHM of 
the single photon response i s probably very small compared to the duration 
of the emission of photoelectrons from the cathode. 
5.8 MEASUREMENT OF PULSE RESPONSE 
In general, measurements on single electron r i s e time and FWHM of 
pulses do not require a f a s t pulsed l i g h t source. This work can be done 
by means of a steady l i g h t source which i s so weak th a t the p r o b a b i l i t y 
of a single photoelectron per pulse from the photocathode i s much greater 
than the p r o b a b i l i t y of the emission of two, three or more photoelectrons 
and t h a t the average time i n t e r v a l between emission of photoelectrons 
by the photocathode i s very much greater than the time r e s o l u t i o n of the 
photomultiplier-measuring equipment combination. 
The t e s t arrangement was s i m i l a r t o the one described i n section 
5.3.2, The constant l i g h t source was the yellow in d i c a t o r lamp which 
has been used i n previous tests and the i n t e n s i t y of emission from the 
l i g h t source was reduced by decreasing the current through filament by 
means of a potentiometer. Output pulses were observed on a Tektronix 
475 oscilloscope whose fas t e s t c a l i b r a t i o n time per d i v i s i o n i s 2 nsec. 
Fig (15a) shows the oscillogram of the single photoelectron response of 
the photomultiplier. The estimated r i s e time and FWHM of the pulse were 
2 nsec and ^3.5-4 nsec respectively. The pulse response of the photo-
m u l t i p l i e r t o multi-photoelectron pulses was also investigated using a 
l i g h t pulse from a yellow LED triggered by a short pulse from a f a s t 
pulse generator (HP 8004 A). Fig (15b) shows the oscillogram representing 
both t r i g g e r pulse and the PM output pulse and Table 5.5 shows some of 
the c h a r a c t e r i s t i c s of both pulses. 
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FlG. 15a Single photoelectron pulse response of an RCA 8575 phototube. 
FlG.15b Multi photoelectron pulse response, (lower trace shows the 
trigger pulse) 
FIG. 15c Primary scintillation pulse response of the phototube for 
6-9 X - rays . 
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TABLE 5.5 Some of the cha r a c t e r i s t i c s of the t r i g g e r pulse and the 
photomultiplier output 
Trigger Pulse PM output pulse 
Rise time (10-90%) nS 2.1 3.2 
F a l l time nS 2.2 9 
FWHM nS 3.7 5 
I t i s clear from Fig (15b) and Table 5.5 t h a t the photomultiplier c o n t r i -
bution t o the width o f the output pulse i s small. The dispersion and 
r e l a t i v e l y long f a l l time of the PM output was believed t o be due t o 
l i g h t emission properties of the LED. The pulse response of the RCA 8575 
photomultiplier i s also demonstrated i n Fig (15c) which shows the primary 
s c i n t i l l a t i o n output from a GSDC f o r 6.9 keV X-rays (from a X-ray machine). 
Narrow width of the pulses obtained again indicate the • fastness' of the 
photomultiplier. I t i s clear from these r e s u l t s t h a t the RCA 8575 photo-
m u l t i p l i e r i s suitable f o r high rate applications. 
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CHAPTER SIX 
TESTS ON ENERGY RESOLUTION AND COUNTING CAPABILITY 
OF THE G.S.D.C. 
6.1 INTRODUCTION 
This chapter describes the r e s u l t s o f the tests which have been 
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c a r r i e d out wi t h 5.9 keV X-rays from an Fe radioactive source and 
6.9 keV X-rays from a machine i n order to investigate the 
rate c h a r a c t e r i s t i c s and energy r e s o l u t i o n of the GSDC. I n p a r t i c u l a r 
i t investigates the dependence o f energy r e s o l u t i o n on various counter 
parameters and l i m i t a t i o n s set by processing electronics and the counter 
i t s e l f on the performance of GSDC's at high counting rates. A 
s t a t i s t i c a l analysis o f the counter data and a method o f correcting the 
observed data at high counting rates are also presented. 
6.2 BASIC IDEAS OF ENERGY RESOLUTION 
One of the most important parameters characterising a s c i n t i l l a -
t i o n spectrometer i s the l i n e width associated w i t h the peak a r i s i n g 
from an absorption o f monoenergetic r a d i a t i o n . This property i s generally 
AV 
described i n terms of a quantity — where AV i s the f u l l width a t h a l f 
maximum (FWHM) of the pulse height d i s t r i b u t i o n obtained from a s c i n t i l l a -
t i o n spectrometer upon the absorption of monoenergetic r a d i a t i o n and V 
i s the mean height o f the pulses. This r a t i o i s c a l l e d the pulse height 
r e s o l u t i o n or energy reso l u t i o n of the counter. I t i s assumed when 
r e f e r r i n g to the energy r e s o l u t i o n t h a t V i s proportional t o the energy 
absorbed. I n a GSDC the width, AV arises as a r e s u l t of 
s t a t i s t i c a l f l u c t u a t i o n s i n several processes which are responsible f o r 
forming the s c i n t i l l a t i o n pulse. They can be l i s t e d as follows : 
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f l u c t u a t i o n s i n 
(\L) the number of primary electrons produced i n 
a s c i n t i l l a t i o n event, 
(2) the number of secondary electrons produced around the anode 
wire, 
(3) the number of photons emitted per secondary s c i n t i l l a t i o n 
event, 
(4) the number of photons t h a t are incident on the photocathode 
of the photomultiplier, 
(5) the number of photons emitted by the photocathode per incident 
photon, 
(6) the number of photoelectrons collected by the f i r s t dynode and, 
(7) the secondary emission r a t i o at each dynode. 
The o v e r a l l c o n t r i b u t i o n of these factors t o the f i n a l energy 
resol u t i o n can be obtained by extending the method used by Garlick e t 
a l ^ and also B i r k s ^ t o obtain the corresponding value f o r gaseous 
s c i n t i l l a t i o n detectors. Suppose a photon of energy E dissipates a l l 
i t s energy i n a gas producing N primary electrons which upon charge 
m u l t i p l a c t i o n around the wire produce NM secondary electrons. These 
electrons produce NMK photons from e x c i t a t i o n processes,and a f r a c t i o n 
G o f these impinge on the photocathode. These are converted w i t h an 
e f f i c i e n c y f i n t o electrons which are collected w i t h an e f f i c i e n c y h 
by the f i r s t dynode, so t h a t the number of electrons a r r i v i n g a t f i r s t 
dynode i s 
T = N.M.K.G.f.h (6.1) 
These electrons are m u l t i p l i e d a t the dynodes which have an o v e r a l l 
gain of R, so tha t the t o t a l number of electrons collected a t the 
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photomultiplier anode i s 
Q = N.M.Kp.R (6.2) 
where p = Gfh i s the photon transfer e f f i c i e n c y of the d r i f t chamber 
and the photomultiplier. 
Since Q i s proportional t o the amplitude (V) of the charge 
pulses, s t a t i s t i c a l f l u c t u a t i o n s i n N,M,K,p and R produce v a r i a t i o n s 
i n V. Using the r e s u l t s derived by Shockley et a l ^ f o r a cascade 
of events, the mean value of Q, Q ,and the f r a c t i o n a l variance v(Q) of 
Q ( i . e . V a r.tS2 ) c a n be w r i t t e n as 
Q 
Q = NM.|(pR (6.3) 
a n d
 V ( Q ) = SEfflL. v ( N ) + v l M L + ^_1 + ZM. + ZiSL_ <6.4) 
Q N N M NM.K N M K p 
I f the number of photons per s c i n t i l l a t i o n pulse incident on the 
photocathode i s large, the observed d i s t r i b u t i o n of pulse amplitudes due 
to raonoenergetic X-rays approximates t o a Gaussian d i s t r i b u t i o n and the 
energy (pulse height) r e s o l u t i o n f o r such a d i s t r i b u t i o n i s r e l a t e d t o 
v(Q) by 
2 
(energy res.) = 5.54 v(Q) (6.5) 
Equation (6.4) can therefore be used t o estimate the energy 
resol u t i o n of the GSDC. 
The f l u c t u a t i o n i n the number of ion pairs (N) created by an 
(4) 
i o n i s i n g p a r t i c l e i n a volume of gas has been analysed by Fano . For 
the case i n which the energy dissipated i s f i x e d ( E q ) , thus implying 
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E 
th a t the expected number of ion pairs i s N = — , W being the energy 
required t o create an ion p a i r , Fano has shown that the f l u c t u a t i o n s 
i n N can be w r i t t e n as 
v(N) m £ (6.6) 
N 
where F i s the Fano factor and i s equal to 0.19 f o r a r g o n ^ . Cur r a n 
e t a l ^ have investigated the f l u c t u a t i o n i n the size o f the e l e c t r o n 
avalanches around an anode wire of a c y l i n d r i c a l proportional counter and 
obtained an average value of 0.68 f o r the f r a c t i o n a l variance o f the 
m u l t i p l i c a t i o n process. Theoretical j u s t i f i c a t i o n of Curran 1s r e s u l t s 
were made l a t e r by B y r n e ^ . Theoretical i n v e s t i g a t i o n s ^ o f the gas 
a m p l i f i c a t i o n process show th a t the f r a c t i o n a l variance of f l u c t u a t i o n s i n 
the charge m u l t i p l i c a t i o n process i s independent of M even f o r small M 
values. Curran's value can therefore be used t o represent the f r a c t i o n a l 
variance o f the charge m u l t i p l i c a t i o n process i n a GSDC even when the 
m u l t i p l i c a t i o n i s less than 10. Substituting Fano's and Curran's 
values f o r f r a c t i o n a l variances i n equation (6.4), and using equation 
(6.5), the energy resolution (n) o f a GSDC can be w r i t t e n as 
n 2 = 5.54 0.19 + 0.68 + v(K) + v(p) + v(R) 
N N NM NMK NMKp 
(6.7) 
Equation (6.7) shows t h a t the t h e o r e t i c a l l i m i t (T1q) o f the energy 
re s o l u t i o n , which can be achieved from t h i s counter i s given by the 
equation 
2 r r„ Q-19 
n = 5.54 . (6.8) 
N 
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I n the case of 5.9 keV X-rays, the mean number of primary ion 
p a i r s produced by a photon i s approximately 200 i n most gases and there-
fore n Q = 7.25* (apart from the c o n t r i b u t i o n due to K of course). 
However, i n r e a l s i t u a t i o n s , the c o n t r i b u t i o n from other terms w i l l degrade 
the energy r e s o l u t i o n of the counter, i n f a c t introduction of charge 
a m p l i f i c a t i o n alone w i l l degrade the r e s o l u t i o n to 15.5%. I n most cases 
the l a s t term i n equation (6.7) i s n e g l i g i b l y small since R i s generally 
6 7 
large (10 -10 ) . Contributions due to the t h i r d and f o u r t h terms mainly 
depend on the anode voltage which determines the number o f photons being 
produced around the wire. As f a r as the high counting studies w i t h 
GSDC's are concerned, the contributions from these two terms may also be 
appreciable due to the following reasons. 
(1) Imperfect l i g h t c o l l e c t i o n : 
The number of photons per s c i n t i l l a t i o n pulse reaching the 
photocathode of the photomultiplier i s affected by imperfect 
transmission of photons through wire planes (cathodes and mesh) 
and r e f l e c t i o n losses at the counter walls. 
(2) Limitations imposed on the anode voltage by space charge 
e f f e c t s (at high r a t e s ) . 
(3) Reduction of the photon y i e l d due to c o l l i s i o n a l quenching 
of argon and nitrogen excited states. 
The lack o f s e n s i t i v i t y of the photomultiplier to Uv l i g h t w i l l 
also a f f e c t the energy r e s o l u t i o n of the counter. 
6.3 PERFORMANCE OF THE GSDC AT MODERATE COUNTING RATES 
Before i n v e s t i g a t i n g the counting a b i l i t y of the counter, i t s 
operating conditions including the distance of the X-ray beam from the 
anode wire must be chosen so as to give a reasonable value f o r energy 
re s o l u t i o n . This i s essential because the conditions under which the 
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smallest value of the pulse width ( i . e . optimum condition for counting 
purposes) can be obtained may not be suitable for measurements of the 
energy of incident photons. 
I n order to investigate the dependence of energy resolution of 
the counter on i t s operating parameters a collimated source of 5.9 keV 
X-rays, a f a s t amplifier (LeCroy 612 AM) and a pulse height analyser 
(NS 900) with i t s b u i l t - i n charge s e n s i t i v e amplifier were used. 
The X-ray beam was allowed to pass through the counter normal to 
i t s cathode planes and the output pulses obtained from the photoraultiplier , 
a f t e r being amplified by using f a s t amplifier and charge s e n s i t i v e 
amplifier were recorded on the PHA. 
6.3.1 Dependence of the Energy Resolution on the Distance of the 
X-ray Beam from the Anode Wire 
The v a r i a t i o n of the energy resolution of the counter with the 
distance of the X-ray beam from the anode wire was measured by moving 
the X-ray source perpendicular to the d i r e c t i o n of the cathode wires, 
towards the potential wires i n each h a l f c e l l . As expected two peaks 
appeared on the PHA when the passage of the beam was very close to the 
anode wire and as the source was moved away from the wire one peak 
gradually disappeared leaving the main peak and the escape peak. The 
energy resolution of the counter was deduced from the position of the 
main peak and the FWHM of the pulse height d i s t r i b u t i o n . I n F i g (1) 
the r e s u l t i s plotted against the distance from the anode wire. A sharp 
r i s e i n the resolution i s apparent when the passage of the beam i s c l o s e 
to the anode wire. This increase i n the energy resolution i s due to the 
d e l o c a l i s a t i o n of the production of secondary l i g h t around the anode wire 
which shadows the photocathode for some of the secondary photons. However, 
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the r e s o l u t i o n remained constant at 31% i n most of the counter. I t i s 
clear from these r e s u l t s t h a t a small gap must be allowed between the 
passage of the X-ray beam and the anode wire i n order t o r e t a i n the 
energy r e s o l u t i o n of the counter a t a suitable value. Unless otherwise 
mentioned t h i s gap length was kept f i x e d at 9 mm i n a l l the subsequent 
measurements• 
6.3.2 Variation of the Energy Resolution w i t h Anode Voltage 
The energy resolution of a GSDC i s obviously a function of the 
anode voltage since the production of secondary photons depends strongly 
on the l a t t e r . However, when employing t h i s counter i n applications 
i n v o l v i n g high counting rates, the anode voltage must be kept a t the 
smallest possible value to avoid space charge e f f e c t s . Fig (2) shows 
the energy r e s o l u t i o n of the counter as a function of anode voltage. 
The d r i f t f i e l d and the photomultiplier voltage were kept f i x e d a t 
500 V/cm and 1500 V respectively. An improvement i n energy r e s o l u t i o n 
was observed wi t h increase i n the anode voltage of the chamber. This 
improvement i s obviously due t o the increase i n the number o f photons 
r e s u l t i n g from the electron c o l l i s i o n processes. 
(9) 
Policarpo et a l have shown t h a t f o r a given photomultiplier 
voltage (gain),the v a r i a t i o n of energy r e s o l u t i o n of a GSPC w i t h the 
amplitude (charge) o f the output pulse s a t i s f i e s the equation 
2 B ^v n = A + - (6.9) 
Where V i s the pulse amplitude, A i s a function o f the f r a c t i o n a l variance 
of primary and secondary i o n i s a t i o n processes and B i s r e l a t e d to the 
f r a c t i o n a l variance of the photomultiplier gain. Fig (3) shows t h e i r 
r e s u l t s which have been obtained using a GSPC and a 5.9 keV X-ray source. 
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The equation (6.9) i s merely a s i m p l i f i e d representation of equation (6.7) 
w i t h 
A = 5.4 (6.10) 
N N 
and 
| Kpv(K) + pv(p) + \i(R) | B = 5.54 J Kpv(K) + pv(p) + \i(R) > (6.11) 
where e i s the electronic charge and C i s the e f f e c t i v e i n t e g r a t i n g 
capacitance of the charge sensitive a m p l i f i e r . 
Although K i s dependent on the anode voltage, and hence on V, 
Policarpo's r e s u l t s , which imply t h a t B i s a constant, suggest t h a t the 
f i r s t term i n equation (6.11) i s e i t h e r n e g l i g i b l y small compared to other 
terms o r i s a constant s i m i l a r t o the terras i n equation (6.lO) under t h e i r 
2 
operational conditions. Fig (4) shows the v a r i a t i o n of n w i t h the 
inverse of the pulse amplitude obtained w i t h the GSDC f o r 5.9 keV X-rays. 
2 1 
The l i n e a r behvaiour of n w i t h — confirms equation (6.9) , and the best 
s t r a i g h t l i n e f i t through the experimental points shows t h a t , i n the l i m i t 
V • °°, thus el i m i n a t i n g the p h o t o m u l t i ^ l i e r i n t r i n s i c r e s o l u t i o n and the 
contributions due to imperfect l i g h t c o l l e c t i o n , the i n t r i n s i c r e s o l u t i o n 
of GSDC f o r 5.9 keV X-rays i s 22.4%. The value obtained by Policarpo 
et a l with Xe - 0.75% N was 17-7%. This value i s higher than the value 
estimated using the f i r s t two terms i n equation (6.7) and i t : may be tha t 
under the operating conditions i n which the secondary l i g h t a m p l i f i c a t i o n 
i s large, the secondary l i g h t production process also adds a f i x e d c o n t r i -
bution t o A instead of to B. Another factor which may have contributed t o 
the measured i n t r i n s i c r e s o l u t i o n i s the e l e c t r o n i c noise o f the a m p l i f i e r s 
used w i t h the GSDC. 
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6.3.3 V a r i a t i o n o f the Energy Resoltuion w i t h p h o t o m u l t i p l i e r 
Voltage 
The dependence o f the energy r e s o l u t i o n o f t h e GSDC on t h e 
p h o t o m u l t i p l i e r v o l t a g e was i n v e s t i g a t e d using the same experimental 
arrangement discussed a t t h e beginning o f t h i s s e c t i o n . The anode v o l t a g e 
and the d r i f t v o l t a g e were kept constant and the energy r e s o l u t i o n was 
measured as a f u n c t i o n o f PM v o l t a g e . The r e s u l t s are shown i n F i g ( 5 ) . 
The improvement i n r e s o l u t i o n obtained as the anode v o l t a g e i s increased 
i s due t o two main f a c t o r s . 
(1) A t low p h o t o m u l t i p l i e r v o l t a g e s , c o l l e c t i o n o f photoelectrons 
a t t h e f i r s t dynode i s not e f f i c i e n t due t o i n s u f f i c i e n t e l e c t r i c 
f i e l d across t h e photocathode and the f i r s t dynode. As a r e s u l t 
considerable f l u c t u a t i o n s i n the number o f pho t o e l e c t r o n s reaching 
the f i r s t dynode can be expected. According t o the m a n u f a c t u r e r s ^ 
data the vo l t a g e a p p l i e d between t h e cathode and t h e f i r s t dynode 
should be a t l e a s t 300 V (corresponding t o a PM v o l t a g e o f 1600 V) 
t o ensure h i g h quantum and c o l l e c t i o n e f f i c i e n c i e s . 
(2) S t a t i s t i c a l f l u c t u a t i o n s i n t h e o v e r a l l gain o f t h e PM are 
reduced w i t h increase i n t h e PM v o l t a g e g i v i n g r i s e t o a b e t t e r 
r e s o l u t i o n . 
6.3.4 V a r i a t i o n o f Energy Resolution w i t h D r i f t F i e l d 
The energy r e s o l u t i o n was measured as a f u n c t i o n o f d r i f t f i e l d 
f o r f i x e d anode and p h o t o m u l t i p l i e r v o l t a g e s and t h e r e s u l t s are presented 
i n F i g ( 6 ) . The r e s o l u t i o n was found t o d e t e r i o r a t e w i t h increase i n the 
d r i f t f i e l d . This can be explained as being due t o a m o d i f i c a t i o n o f t h e 
e l e c t r i c f i e l d i n s i d e t h e counter by t h e a p p l i e d d r i f t f i e l d . As t h e 
d r i f t f i e l d increases c i r c u l a r e q u i p o t e n t i a l s around t h e anode w i r e 
g r a d u a l l y become normal t o the cathode planes (see F i g (7) ) . They 
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thereby increase the angle subtended by t h e incoming primary e l e c t r o n s 
a t t h e anode w i r e degrading the l o c a l i s a t i o n o f secondary l i g h t produc-
t i o n . I n c r e a s i n g the d r i f t v o l t a g e thus has the same e f f e c t as moving 
the X-ray beam towards t h e anode w i r e . Another phenomenon which a f f e c t s 
th e r e s o l u t i o n o f the counter a t hi g h d r i f t f i e l d s i s t h e p r o d u c t i o n o f 
spurious photons i n t h e r e g i o n between the cathode planes and screening 
e l e c t r o d e s . This occurs since h i g h cathode voltages can produce very 
l a r g e e l e c t r i c f i e l d s i n t h i s gap. 
6.4 DATA ACQUISITION AT HIGH COUNTING RATES 
I n general the data a c q u i s i t i o n a t h i g h r a t e s i s l i m i t e d by t h e 
bandwidth o f the processing e l e c t r o n i c s . Apart from t h a t , t h e measure-
ments are f u r t h e r complicated due t o t h e l a c k o f a pulse h e i g h t analyser 
which can analyse and recor d data a t counting r a t e s g r e a t e r than 1 MHz 
which are a n t i c i p a t e d from a GSDC. Modern pulse h e i g h t analysers can 
cope w i t h p u l s i n g r a t e s o n l y up t o few hundreds o f k i l o h e r t s . This 
problem however, can be overcome by g a t i n g the PHA i n such a way t h a t 
i t r e ceives pulses a t considerably lower r a t e s . 
6.4.1 E l e c t r o n i c Scheme f o r Pulse Height Measurements a t High Rate 
The experimental set-up i n c l u d i n g the g a t i n g c i r c u i t r y i s shown 
i n F i g ( 8 ) . Pulses from the p h o t o m u l t i p l i e r were a m p l i f i e d by means o f 
a f a s t a m p l i f i e r w i t h a b u i l t - i n fan-out o f two. One o f t h e outputs was 
then f e d i n t o a l i n e a r gate. Pulses from the o t h e r o u t p u t o f the 
a m p l i f i e r , a f t e r being d i s c r i m i n a t e d and shaped t o f a s t narrow NIM 
standard pulses, were used t o open the l i n e a r gate f o r a c e r t a i n d u r a t i o n 
s u f f i c i e n t t o pass e i t h e r the 10th, lOOth or 1000th pulse as necessary. 
S e l e c t i o n o f r e q u i r e d pulses were done by means o f decade s c a l e r s and 
a t r i g g e r was used t o provide t h e gate opening pulse. The o u t p u t o f t h e 
l i n e a r g a t e , a f t e r being a m p l i f i e d , i n t e g r a t e d and s t r e t c h e d using a 
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s t r e t c h e r a m p l i f i e r was f e d i n t o a pulse h e i g h t analyser. 
One o f t h e most important requirements f o r a l l the modules i n 
such a c i r c u i t i s d c c o u p l i n g , i n order t o e l i m i n a t e base l i n e s h i f t s 
which would r e s u l t i n smaller pulses and smearing o f the lower side o f 
the pulse h e i g h t spectrum a t h i g h counting r a t e s . They must a l s o have a 
bandwidth g r e a t e r than 100 MHz, l a r g e enough n o t t o degrade t h e i n f o r m a -
t i o n contained i n the pulses. The p r e a m p l i f i e r used i n t h i s c i r c u i t was 
a LeCroy NIM model 612AM p h o t o m u l t i p l i e r a m p l i f i e r . T h i s u n i t , which i s 
d i r e c t coupled, f e a t u r e s a bandwidth o f D C t o 140 MHz, w i t h i n 0.2% 
i n t e g r a l l i n e a r i t y and a maximum gain o f 40. The r i s e time o f the 
a m p l i f i e r o u t p u t i n response t o a step edge i n p u t i s b e t t e r than 3 nS. 
A f a s t d i s c r i m i n a t o r (Nuclear E n t e r p r i s e s NE 4684) was employed t o c o n v e r t 
a m p l i f i e r o u t p u t s i g n a l s t o NIM standard s i g n a l s . The pulse p a i r r e s o l u -
t i o n and minimum t h r e s h o l d l e v e l o f t h i s d i s c r i m i n a t o r were measured and 
found t o be 9 nS and 25 mV r e s p e c t i v e l y . The d i s c r i m i n a t o r output provides 
t h r e e simultaneous f a s t outputs o f v a r i a b l e w i d t h (6 nS —• 50 nS) s u i t a b l e 
t o run f a s t s c a l e r s w i t h o u t l i m i t i n g t h e i r c o unting a b i l i t y . Decade 
sc a l e r s used t o c o n t r o l the g a t i n g r a t e o f t h e l i n e a r gate were EG & G 
^110/N, whose co u n t i n g c a p a b i l i t y extends t o 200 MHz. The l i n e a r gate 
which was an EG & G type LG 101 i s a d i r e c t coupled device which can handle 
g a t i n g r a t e s from D C t o gr e a t e r than 75 MHz and has a t y p i c a l bandwidth 
o f D C t o 175 MHz. 
I n general when t h e r e i s no s i g n a l a t t h e i n p u t o f t h e l i n e a r gate, 
the s i g n a l o u t p u t l e v e l should remain a t zero when s w i t c h i n g the gate 
manually from the CLOSED s t a t e t o the OPEN s t a t e and i n t h e LG 101 t h i s 
s i t u a t i o n can be r e a l i s e d by making adjustments t o the gate. However, 
once the gate i s pulsed open, g a t i n g t r a n s i e n t s which occur d u r i n g t h e 
opening and c l o s i n g times o f t h e gate, create unavoidable non-zero o u t p u t 
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pulses. The pulse h e i g h t i n t o 50 ft t e r m i n a t i o n o f t h e g a t i n g t r a n s i e n t s 
o f t h e l i n e a r <jate which has boon used i n the pronent study was 20 mV. 
This value l i e s w i t h i n t h e manufacturer's s p e c i f i e d l i m i t * 1 1 o f 30 mV. 
I n t h e present study, since the pulses are being i n t e g r a t e d a f t e r t h e 
g a t i n g , t h e above mentioned adjustments w i l l n ot guarantee t h a t t h e n e t 
charge per g a t i n g c y l c l e i s zero because o f these g a t i n g t r a n s i e n t s . 
However, the'zero n e t charge per g a t i n g c y c l e 1 c o n d i t i o n was ensured by 
observing t h e i n t e g r a t e d output from t h e s t r e t c h e r a m p l i f i e r w i t h no 
s i g n a l a p p l i e d t o the l i n e a r gate and making adjustments on the l a t t e r 
f o r zero n e t i n t e g r a t e d o u t p u t . This ensures t h a t t h e i n t e g r a t e d charge 
d u r i n g each g a t i n g c y c l e w i l l be due e n t i r e l y t o the s i g n a l under i n v e s t i -
g a t i o n . 
When connecting the l i n e a r gate o u t p u t t o a s t r e t c h e r a m p l i f i e r 
(AN 105), l o a d i n g by t h e gate must also be considered since i t presents 
an extremely h i g h i m p e d a n c e t o t he i n t e r n a l CR network o f t h e s t r e t c h e r 
a m p l i f i e r when the gate i s i n closed s t a t e and r e l a t i v e l y low impedance 
(500 ft) when i t i s i n open s t a t e . This small r e s i s t a n c e shunts t h e i n t e -
g r a t i n g capacitance and causes f a s t decay o f charge. This s i t u a t i o n was 
avoided by b u f f e r i n g t h e LG 101 out p u t w i t h an AN 104A l i m i t e r module 
which presented a h i g h impedance (100IC ft) t o t h e s t r e t c h e r a m p l i f i e r i n p u t . 
6.4.2 E f f e c t o f Gating on the Energy Resolution 
I n order t o o b t a i n an optimum value f o r the r e s o l u t i o n s o f the 
c o u n t e r i t h e w i d t h o f the gate must be l a r g e enough t o pass t h e e n t i r e » 
s c i n t i l l a t i o n p ulse w i t h i t s l o n g t a i l . However, t h e w i d t h o f t h e g a t i n g 
pulse cannot be increased a r b i t r a r i l y since i t l i m i t s t h e r e p e t i t i o n 
r a t e o f the processing e l e c t r o n i c s . On t h e o t h e r hand, a g a t i n g pulse 
w i d t h smaller than t h e i n p u t pulse i t s e l f w i l l a l l o w o n l y a p o r t i o n o f 
the pulse t o pass through and consequently w i l l degrade t h e observed 
energy r e s o l u t i o n . 
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The e f f e c t o f g a t i n g on t h e energy r e s o l u t i o n was s t u d i e d using 
a b.g key x-ray source. The e l e c t r o n i c c i r c u i t r y described i n the preceding 
s e c t i o n was used w i t h a NS 900 pulse h e i g h t analyser. D r i f t f i e l d , anode 
and PM voltages were kept a t 500 V/cm, 2800 V and 1600 V r e s p e c t i v e l y . 
The delay o f t h e i n p u t s i g n a l t o the l i n e a r gate was adju s t e d so t h a t t h e 
l e a d i n g edge o f the i n p u t s i g n a l a r r i v e d a t the l i n e a r gate 2 nS a f t e r 
the a r r i v a l o f t h e l e a d i n g edge o f t h e g a t i n g pulse,2 nS being t h e time 
r e q u i r e d t o f u l l y open the gate. This adjustment was done by means 
o f a f a s t o s c i l l o s c o p e . Keeping t h i s adjustment f i x e d t h e peak o f t h e 
pulse h e i g h t d i s t r i b u t i o n on the PHA was measured as a f u n c t i o n o f t h e 
w i d t h o f t h e g a t i n g p u l s e . F i g (9) shows -the v a r i a t i o n o f t h e pulse 
h e i g h t and the energy r e s o l u t i o n as a f u n c t i o n o f gate w i d t h . V a r i a t i o n s 
i n b o t h parameters (pulse amplitude and energy r e s o l u t i o n ) were less 
pronounced f o r gate widths g r e a t e r than 50 nS w h i l e a r a p i d r e d u c t i o n i n 
the pulse h e i g h t and d e t e r i o r a t i o n i n the energy r e s o l u t i o n were apparent 
f o r gate widths less than 50 nS. The w i d t h o f the i n p u t pulses used i n 
t h i s measurement was approximately 65 nS and t h e i n t e g r a t i n g time constant 
s e t on the i n p u t pulses was 0.9 psec. Unless mentioned otherwise a l l 
the energy r e s o l u t i o n measurements which w i l l be presented i n f o l l o w i n g 
s e c t i o n s were obtained w i t h the processing e l e c t r o n i c s shown i n F i g (8) 
and a g a t i n g pulse w i d t h o f 50 nS. Use o f a g a t i n g pulse o f t h i s w i d t h 
degraded the r e s o l u t i o n , which can be obtained w i t h gate f u l l y opened, 
by *v 10%. 
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6.5 PERFORMANCE OF THE COUNTER AT MO EE RATE PULSING RATES 
6.5.1 Counting C h a r a c t e r i s t i c s 
The performance o f the GSDC a t moderate X-ray i n t e n s i t i e s was 
i n v e s t i g a t e d u s i n g a c o l l i m a t e d 8 mCi, Fe b„9 keV r a d i o a c t i v e source. 
For c o u n t i n g purposes a Borer type 613/ 100 MHz f a s t s c a l e r was used 
w i t h t h e f a s t a m p l i f i e r and d i s c r i m i n a t o r described i n t h e previous 
s e c t i o n . The cou n t i n g r a t e was measured as a f u n c t i o n o f t h e anode 
vo l t a g e f o r d i f f e r e n t X-ray i n t e n s i t i e s and the r e s u l t s are shown 
i n F i g (10). X-ray beams o f d i f f e r e n t i n t e n s i t i e s were obtained by 
v a r y i n g t h e aperture o f th e c o l l i m a t o r . The d i s c r i m i n a t i o n l e v e l was 
kept a t 25 mV and the d r i f t f i e l d used i n the measurements was 500 V/cm. 
The s e t o f curves thus obtained r e v e a l a number o f fe a t u r e s o f t h e 
counter regarding i t s c ounting c a p a b i l i t y . F i r s t l y t h e plateaus o f 
the curves imply t h a t t h e counter records a l l t h e X-ray photons which 
have been absorbed i n the a c t i v e volume o f t h e counter. Secondly t he 
curves show t h a t as f a r as cou n t i n g i s concerned t h e counter does n o t 
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s a t u r a t e up t o a r a t e o f a t l e a s t 3 x 10 counts per second. Results 
a l s o show t h a t t h e counter was not a f f e c t e d by r a t e e f f e c t s (space 
charge) up t o t h e r a t e achieved w i t h the r a d i o a c t i v e source. This i s 
i n d i c a t e d by the f a c t t h a t the plateaus o f a l l the t h r e e curves s t a r t 
a t t h e same anode v o l t a g e . I f t h e r e had been considerable space charge 
around the anode w i r e the charge would have s h i f t e d t h e plateaus t o 
hig h e r anode v o l t a g e s as t h e r a t e was increased. Also shown i n F i g (10) 
i s t h e v a r i a t i o n o f t h e amplitude o f th e p r e a m p l i f i e r o u t p u t w i t h t h e 
anode v o l t a g e . I t i n d i c a t e s t h a t an amplitude o f a t l e a s t 125 mV i s 
necessary t o make sure t h a t a l l t h e pulses w i l l be counted by t h e 
d i s c r i m i n a t o r - s e a l e r combination. 
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6.5.2 V a r i a t i o n o f Pulse Height and Energy Resolution w i t h 
Count Rate 
As discussed i n chaptnrs one and tlir.ee the formation o f space 
charge around the anode w i r e causes a r e d u c t i o n i n the l o c a l e l e c t r i c 
f i e l d which subsequently r e s u l t s i n a smaller charge gain around t h e 
w i r e # (see F i g (3) o f chapter one). Furthermore, t h e space charge 
e f f e c t degrades the p r o p o r t i o n a l i t y o f the pulse h e i g h t t o the amount 
o f energy being deposited by a phocon i n the gas. This f a c t has been 
demonstrated w i t h p r o p o r t i o n a l chamber pulses whose energy r e s o l u t i o n 
as a f u n c t i o n o f count r a t e i s shown i n F i g (11 ) . S i m i l a r l y , i n a 
GSDC i f t h e charge a m p l i f i c a t i o n i s l a r g e enough t o produce a dense space 
charge cloud around t he anode w i r e , s i m i l a r e f f e c t s can be expected 
since the secondary l i g h t p r o d u c t i o n i s mainly governed :oy the space 
charge around the w i r e . I n order t o i n v e s t i g a t e these e f f e c t s t h e peak 
o f the pulse h e i g h t spectrum and i t s w i d t h (FWHM) were measured as a 
f u n c t i o n o f counting r a t e . The v a r i a t i o n o f pulse h e i g h t and energy 
r e s o l u t i o n w i t h the counting r a t e are shown i n Figs (12) and (13) . I n 
c o n t r a s t t o the r e s u l t s obtained w i t h conventional p r o p o r t i o n a l counters 
(see F i g (3) o f chapter one) the pulse h e i g h t remained constant up t o a 
r a t e o f 3 x 10^ per sec. The v a r i a t i o n o f the energy r e s o l u t i o n w i t h 
counting r a t e i s also small. S l i g h t d e t e r i o r a t i o n o f r e s o l u t i o n a t r a t e s 
c l o s e t o 3 x 10^ per sec.was due t o t h e poor c o l l i m a t i o n which r e s u l t e d 
when i n c r e a s i n g t h e i n t e n s i t y o f the X-ray beam. 
6.6 PERFORMANCE OF THE COUNTER AT HIGH RATES 
6.6.1 The X-ray Source 
I t i s apparent from previous sections t h a t t h e c o l l i m a t i o n o f t h e 
r a d i a t i o n beam i s e s s e n t i a l i n order t o o b t a i n s a t i s f a c t o r y performances 
from a DSDC. Since t h e c o l l i m a t e d r a d i o a c t i v e X-ray sources were unable 
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t o p r o v i d e h i g h i n t e n s i t y beams, an X-ray machine w i t h a f i x e d t a r g e t 
was ased i n t h e f o l l o w i n g t e s t s . A one k i l o w a t t X-ray tube w i t h a 
c o b a l t t a r g e t was used t o generate X-rays. Some o f t h e important l i n e s 
i n t h e X-ray emission spectrum from c o b a l t are shown i n F i g ( 1 4 ) . I n 
general t h e spectrum c o n s i s t s o f two sets o f intense c h a r a c t e r i s t i c l i n e s , 
and , and a continuous spectrum caused by e l e c t r o n bremsstrahlung 
and some f a i n t s a t e l l i t e l i n e s . I n order t o separate K l i n e s from K„ 
a 3 
l i n e s , an i r o n f i l t e r was i n s e r t e d i n the beam pa t h , which absorbed most 
o f t h e KQ emission. I n a d d i t i o n t o the l a r g e r e d u c t i o n o f K Q , t h e P p 
f i l t e r reduced the p o r t i o n o f the continuous spectrum close t o and above 
the Fe Kabsorption edge (see F i g (14) ) . Further r e f i n i n g o f the 
spectrum was not attempted i n order t o save t h e i n t e n s i t y o f the beam. 
I n f a c t use o f a combined s i l i c o n monochromator and Fe f i l t e r which gave 
r i s e t o a much r e f i n e d l i n e reduced t h e i n t e n s i t y o f the beam t o a 
l e v e l which was i n s u f f i c i e n t f o r t h i s study * 
6.6.2 Experimental Set-up 
Fi g (15) shows the experimental arrangement o f the counter system 
placed i n the X-ray beam l i n e . An i r o n f i l t e r which was s e l e c t e d from a 
set o f b u i l t - i n f i l t e r s , was placed a t the e x i t o f t h e X-ray beam. The 
beam was c o l l i m a t e d by means o f a c o l l i m a t o r (1 mm diam. and 15 mm t h i c k ) 
one end o f which was f i t t e d t o the f i l t e r and the oth e r end t o a l i g h t 
t i g h t box which c a r r i e d the counter system. The p o s i t i o n o f the counter 
was a d j u s t e d So t h a t t h e X-ray beam passed 9 mm above the anode w i r e . 
The o u t p u t from the p h o t o m u l t i p l i e r was f e d i n t o a LeCroy 612^Mamplifier 
and one o f i t s outputs was connected t o a f a s t s c a l e r (Borer 100 MHz) v i a 
a d i s c r i m i n a t o r (NE 4684) and the oth e r o u t p u t o f t h e a m p l i f i e r was 
connected t o the processing e l e c t r o n i c s described i n s e c t i o n 6.4.1, t o 
measure the energy r e s o l u t i o n o f the counter. 
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6.7 RESULTS 
6.7.1 Counting C h a r a c t e r i s t i e s a t High Rate 
I n order t o i n v e s t i g a t e the counting c h a r a c t e r i s t i c s o f the 
system a t h i g h r a t e , the t h r e s h o l d l e v e l and t h e o u t p u t - p u l s e - w i d t h o f 
the d i s c r i m i n a t o r were s e t a t 25 mV and 6 nS and the cou n t i n g r a t e was 
measured as a f u n c t i o n o f anode v o l t a g e f o r d i f f e r e n t i n t e n s i t i e s o f 
th e X-ray beam. The pulse h e i g h t spectrum f o r t h e X-rays was c o n s t a n t l y 
monitored on the PHA t o ensure t h a t t h e counts recorded were due t o 
genuine pulses ( w i t h o u t a p p r e c i a b l e background). F i g (16) shows the 
cou n t i n g r a t e as a f u n c t i o n o f the anode v o l t a g e . For r a t e s l e s s than 
3.x 10^ per sec. the behaviour o f the curves was s i m i l a r t o those 
obtained f o r moderate c o u n t i n g r a t e s (see F i g (10) ) . However, f o r 
X-ray i n t e n s i t i e s which correspond t o counting r a t e s g r e a t e r than 
3 x 10^ per s e c , the r a t e was found t o decrease w i t h i n c r e a s i n g anode 
v o l t a g e . As seen i n F i g (16) t h i s e f f e c t was more pronounced a t h i g h e r 
c o u n t i n g r a t e s . This decrease can be explained as being due t o t h e 
v a r i a t i o n o f t h e r e s o l v i n g time o f the GSDC-discrirainator combination 
w i t h t h e anode v o l t a g e . The r e s o l v i n g time can be d e f i n e d as t h e time 
between t h e l e a d i n g edges ( a t f u l l w i d t h h a l f maximum) o f the most c l o s e l y -
spaced s c i n t i l l a t i o n pulse p a i r f o r which t he GSDC-discriminator combina-
t i o n produces two d i s t i n c t o u t p u t pulses. Since t h e pu l s e p a i r r e s o l u -
t i o n o f the s c a l e r used i n t h i s measurement was small {< 5 nS) compared 
t o t h a t o f t h e d i s c r i m i n a t o r , r e s o l u t i o n o f the s c a l e r d i d n o t a f f e c t 
t h e r e s o l v i n g time o f the counting system ( i . e . t h e GSDC-discriminator 
combination^. 
The r e s o l v i n g time o f the counter f o r t y p i c a l s c i n t i l l a t i o n p ulses 
i s shown i n F i g (17 ) . The pulses shown i n t h i s f i g u r e have been t r a c e d 
from o s c i l l o s c o p e photographs. Pulse p a i r r e s o l u t i o n o f t h e d i s c r i m i n a t o r 
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has a l s o been considered when determining t h e r e s o l v i n g t i m e o f t h e counter. 
I t i s c l e a r from F i g (17) t h a t s i n ce t he GSDC pulses are approximately 
t r i a n g u l a r i n shape, the d i s c r i m i n a t i o n l e v e l i s one o f t h e f a c t o r s which 
determines t h e r e s o l v i n g time. I n f a c t h i g h d i s c r i m i n a t i o n l e v e l s 
reduce the r e s o l v i n g time o f the counter and v i c e - v e r s a . A l t e r n a t i v e l y 
f o r a f i x e d t h r e s h o l d l e v e l on the d i s c r i m i n a t o r , pulses w i t h s m a l l e r 
amplitudes g i v e r i s e t o smaller r e s o l v i n g times thus improving t h e count-
i n g c a p a b i l i t y o f the counter. Increase i n the anode v o l t a g e (and hence 
pu l s e amplitude) o f a GSDC t h e r e f o r e has t h e e f f e c t o f degrading t h e 
r e s o l v i n g time o f the counter. At extremely h i g h event r a t e s , t h e 
observed counting r a t e t h e r e f o r e decreases w i t h increase i n t h e anode 
v o l t a g e . I n order t o i n v e s t i g a t e t h i s f a c t t h e measurements correspond-
i n g t o curve A i n F i g (16) were repeated f o r d i f f e r e n t d i s c r i m i n a t o r 
t h r e s h o l d and t h e r e s u l t s are presented i n F i g (1 8 ) . I t c l e a r l y shows 
t h a t t h e l o s s i n counting r a t e w i t h anode v o l t a g e can be regained by 
i n c r e a s i n g the t h r e s h o l d l e v e l o f t h e d i s c r i m i n a t o r . I t f u r t h e r proves 
t h a t the decrease i n observed counting r a t e i s merely due t o t h e d e t e r -
i o r a t i o n o f r e s o l v i n g time o f the counter. 
6.7.2 Counting S t a t i s t i c s 
I t i s apparent from t he r e s u l t s presented i n t h e preceding 
s e c t i o n t h a t t h e GSDC-discriminator combination counts o n l y those pulses 
which are separated by a time i n t e r v a l g r e a t e r than t h e r e s o l v i n g t i m e , 
p., o f t h e counter. The observed counting r a t e ( n o b s ) i s t h e r e f o r e l e s s 
than t he t r u e event r a t e (N). 
The occurrence o f s c i n t i l l a t i o n events are random i n nature and 
the frequency o f occurrence o f any p a r t i c u l a r number o f events i s expected 
t o f o l l o w some p r o b a b i l i t y d i s t r i b u t i o n law o r frequency d i s t r i b u t i o n . 
The most a p p r o p r i a t e frequency d i s t r i b u t i o n which f i t s t h e sequence o f 
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such random events i s the Poisson d i s t r i b u t i o n which i n i t s usual form 
P = 4 e _ m (6.12) x x! 
gives the p r o b a b i l i t y (P ) o f observing x events when the average f o r a 
l a r g e number o f o b s e r v a t i o n i s m events. This d i s t r i b u t i o n can be used 
t o d e r i v e an i n t e r v a l d i s t r i b u t i o n which describes t h e d i s t r i b u t i o n i n s i z e 
o f t h e time i n t e r v a l s between successive events i n any random process i n 
which the mean event r a t e has a constant value o f 'a* per u n i t t i m e . 
According t o expression (6.12) the p r o b a b i l i t y t h a t t h e r e w i l l 
be no events i n a time i n t e r v a l t ; d u r i n g which t h e r e should be 'at* 
events on the average i s 
P = e " a t (6.13) o 
The p r o b a b i l i t y t h a t t h e r e w i l l be an event i n the time i n t e r v a l 
d t i s adt. The combined p r o b a b i l i t y t h a t t h e r e w i l l be no events d u r i n g 
the time i n t e r v a l t , b u t one event between time t and t + d t i s 
dP = a e ~ a t d t (6.14) 
and i t gives t h e p r o b a b i l i t y t h a t t he d u r a t i o n o f a p a r t i c u l a r i n t e r v a l 
w i l l be between t and t + d t . Equation (6.14) i n d i c a t e s t h a t t he smaller 
i n t e r v a l s have a higher p r o b a b i l i t y than l a r g e time i n t e r v a l s between 
events and t h i s o b v i o u s l y i s an u n d e s i r a b l e f e a t u r e which l i m i t s t h e count-
i n g c a p a b i l i t y o f a counting system a t some r a t e depending on i t s r e s o l v -
i n g t i m e . I n o t h e r words those pulses which occur w i t h i n a time i n t e r v a l 
equal t o p, the r e s o l v i n g time o f the counter merely increase t h e s i g n a l 
occupation time o f the d i s c r i m i n a t o r thus reducing the observed c o u n t i n g 
r a t e . Assuming a = N, the t r u e event r a t e averaged over a l a r g e d u r a t i o n 
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o f time f o r which the n . i s the observed counting r a t e , the number o f 
obs 
i n t e r v a l s g r e a t e r than p can be w r i t t e n as 
n . = N obs 
-Nit" 
N e 1 N U d t (6.15) 
i ' e ' <W = N e " N P 
I f p i s known, t h e observed counting r a t e s can be c o r r e c t e d u s i ng 
equation (6.16) t o o b t a i n t he t r u e event r a t e s . As t h e t r u e event r a t e 
i s increased, d i f f e r e n t i a t i o n o f equation (6.16) w i t h r espect t o N shows 
t h a t , when Np = 1 t h e observed counting r a t e nQ^s passes through a 
maximum given by 
N = 1 
nmax 2.72 2.72p (6.17) 
I t can be seen from equation (6.17) t h a t the maximum counting r a t e which 
can be ob t a i n e d w i t h random events i s less than t h a t which can be achieved 
w i t h e q u a l l y spaced events by the f a c t o r o f 2.72. Furthermore equation 
(6.17) shows t h a t n m a x v a r i e s i n v e r s e l y w i t h t h e r e s o l v i n g t i m e o f t h e 
counter. As t h e t r u e event r a t e approaches i n f i n i t y the observed r a t e , 
nobs a P P r o a c ^ e s z e r o r e s u l t i n g i n complete p a r a l y s i s o f t h e system. 
6.7.3 C o r r e c t i o n o f the Observed Counting Rates 
For any co u n t i n g system which counts random events, i t i s 
e s s e n t i a l t h a t t h e observed c o u n t i n g r a t e s a t i s f i e s t h e equation (6.16) 
f o r a l l t r u e event r a t e s . Provided t h a t no s a t u r a t i o n occurs and above 
equation i s s a t i s f i e d , t h e t r u e event r a t e can e a s i l y be evaluated i f p 
i s known f o r t h e p a r t i c u l a r s i t u a t i o n . The r e l a t i o n s h i p between the t r u e 
126 
event r a t e and the observed counting r a t e was i n v e s t i g a t e d using t he 
same counting e l e c t r o n i c s described i n s e c t i o n (6.6.2). The t r u e event 
r a t e was assumed t o be p r o p o r t i o n a l t o the anode c u r r e n t o f t h e photo-
m u l t i p l i e r and i t was f u r t h e r assumed t h a t t h e anode c u r r e n t due t o 
primary s c i n t i l l a t i o n events was n e g l i g i b l e compared t o t h a t o f t h e 
secondary events. The former assumption has been j u s t i f i e d i n chapter 
f i v e f o r pulsed anode c u r r e n t s . Suppose the p h o t o m u l t i p l i e r c u r r e n t i 
i s r e l a t e d t o t h e t r u e event r a t e by t h e r e l a t i o n 
N = B i 
where B i s the constant o f p r o p o r t i o n a l i t y 
Then using equation (6.16) 
« j -Bip n . = B i e obs 
or In (n o b s / ^ ) ~ An B = -Bip 
The p h o t o m u l t i p l i e r c u r r e n t was measured as a f u n c t i o n o f 
f o r d i f f e r e n t i n t e n s i t i e s o f the X-ray beam (event r a t e ) and £,n(n , . ) 
o b s / i 
was p l o t t e d as a f u n c t i o n o f i . The p h o t o m u l t i p l i e r v o l t a g e and the 
d r i f t f i e l d employed f o r t h i s measurement were 2750 V and 500 V/cm 
r e s p e c t i v e l y . F i g (19) shows the r e s u l t s f o r two anode vo l t a g e s 2600 
and 2750 V. Linear behaviour o f t h e curves i n d i c a t e s t h a t n . does 
ODS 
s a t i s f y equation (6.16) a t l e a s t up t o the r a t e ( n o b s ) 8«9 x 1 0 counts 
6 
per sec. f o r an anode v o l t a g e o f 2600 V and up t o 6.9 x 10 counts per 
second f o r an anode voltage o f 2750 V. According t o F i g (19) t h e 
r e s o l v i n g times (p) o f t h e counter system f o r these two anode vo l t a g e s 
are 43 and 52 nS r e s p e c t i v e l y . Results presented i n F i g (19) f u r t h e r 
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show t h a t the r e s o l v i n g time o f the system f o r a p a r t i c u l a r anode 
vo l t a g e i s a constant. This i s expected since the shape and t h e 
amplitude o f i n d i v i d u a l s c i n t i l l a t i o n pulses do not vary w i t h t h e count-
i n g r a t e . 
Before the c o r r e c t i o n s can be made i t i s necessary t o consider 
the v a r i a t i o n o f the r e s o l v i n g time o f the counter system w i t h anode 
v o l t a g e . As mentioned i n s e c t i o n (6.7.1) t h e r e s o l v i n g time p increases 
w i t h the anode v o l t a g e and t h e r e f o r e t h e c o r r e c t i o n s f o r t h e observed 
co u n t i n g r a t e s i n F i g (16) must be done i n d i v i d u a l l y by u s i n g a p p r o p r i a t e 
p values. The p values f o r d i f f e r e n t anode voltages can, however, 
be c a l c u l a t e d by u s i n g equation (6.16) and the two p values obtained 
from F i g (19) , i n f a c t these two values can be used t o evaluate N f o r 
curves such as A and B i n F i g ( 1 6 ) . For example curve B i n F i g (16) 
7 
gives N as 1.825 x 10 counts/sec. The N value can now be used 
to g e t h e r w i t h ^ Q ^ s values i n curve B f o r d i f f e r e n t anode voltages t o 
c a l c u l a t e p as a f u n c t i o n o f anode v o l t a g e . F i g (20) shows the 
c a l c u l a t e d p values as a f u n c t i o n o f anode v o l t a g e f o r the counter 
system. I t must be mentioned t h a t t h i s p a r t i c u l a r s e t o f r e s u l t s i s 
a p p l i c a b l e o n l y when t h e p h o t o m u l t i p l i e r v o l t a g e and t h e d r i f t f i e l d are 
1750 and 500 V/cm r e s p e c t i v e l y . 
6.7.4 Peak S h i f t and Energy Resolution a t High Rate 
V a r i a t i o n o f the pulse amplitude (peak s h i f t ) and t h e energy 
r e s o l u t i o n w i t h c o u n t i n g r a t e were also i n v e s t i g a t e d u s i n g 6.9 keV 
X-rays. Three decade s c a l e r s were used i n the c i r c u i t (see F i g ( 8) ) 
t o reduce the p u l s i n g r a t e i n order t o perform t h e pulse h e i g h t 
a n a l y s i s on t h e PHA. The p o s i t i o n o f the Co & a peak and i t s h a l f w i d t h 
were measured f o r d i f f e r e n t i n t e n s i t i e s o f the X-ray beam. The X-ray 
peak p o s i t i o n as a f u n c t i o n o f c o u n t i n g r a t e ( n ) f o r t h r e e d i f f e r e n t 
128 
\ CO 
CM 
8 i 
h 
CO 
CM > 
CM 
(A 
CO 
"8 CM 
OS 
i CM i • I i i n i n i n i n cn CD CN 
(su) d auij) BujAiosay 
anode vo l t a g e s i s shown i n F i g ( 2 1 ) . The change i n t h e p o s i t i o n o f t h e 
peak w i t h counting r a t e was found t o be n e g l i g i b l e up t o a r a t e c l o s e t o 
6 x 10 counts/sec. However, a small peak s h i f t towards t h e lower 
channels was observed w i t h counting r a t e when t h e anode v o l t a g e was a t 
2800 V and t h i s can be a t t r i b u t e d t o space charge e f f e c t s . On t h e o t h e r 
hand a very small s h i f t towards t he hi g h e r channels was a l s o observed w i t h 
anode v o l t a g e s , 2700 and 2750 V. This increase may be due t o t h e over-
l a p p i n g o f pulses a t h i g h counting r a t e s and thereby s h i f t i n g t h e lower 
s i d e o f the spectrum t o the higher s i d e . 
Pulse h e i g h t spectra obtained w i t h 6.9 keV c o b a l t X-rays a t 
d i f f e r e n t c o unting r a t e s f o r an anode v o l t a g e o f 2750 V are shown i n 
F i g ( 2 2 ) . The argon escape peak i s a l s o v i s i b l e i n a l l s p e c t r a . The 
energy r e s o l u t i o n o f t h e counter ( c a l c u l a t e d using these spectra) as a 
f u n c t i o n o f counting r a t e (n . ) i s shown i n F i g (2 3 ) . As expected an 
obs 
improvement i n the r e s o l u t i o n was observed f o r higher anode v o l t a g e s . 
An improvement i n r e s o l u t i o n was a l s o apparent w i t h i n c r e a s i n g c o u n t i n g 
r a t e f o r an anode v o l t a g e o f 2800 V. However, t h e reason f o r t h i s 
improvement i s hard t o e x p l a i n . I t i s apparent t h a t t h e energy r e s o l u -
t i o n o b t a i n e d a t h i g h r a t e w i t h t h e Co K l i n e i s not as good as t h e 
values o b t a i n e d a t low r a t e w i t h t h e F e ^ source. This i s mainly due 
t o t h e p i l e - u p e f f e c t s a t h i g h r a t e and poor monochromatisation o f t h e 
X-ray beam. 
As shown i n F i g (22) the number o f pulses w i t h amplitudes l a r g e r 
than those corresponding t o t h e main peak was a l s o found t o increase 
w i t h t h e counting r a t e , d i s t o r t i n g t h e pulse h e i g h t spectrum a t t h e 
h i g h amplitude end. Formation o f these l a r g e pulses a t h i g h r a t e s 
i s due t o t h e p i l e - u p o f s c i n t i l l a t i o n pulses which occur w i t h i n a 
s h o r t d u r a t i o n ( i . e . w i t h i n t h e r e s o l v i n g t i m e , p ) . T h i s - e f f e c t was 
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F I G . 2 2 Pulse height spectra of cobalt K a line for different 
counting rates. 
Count rate * 2 2 8 3 x 1 0 6 / s e c Count rate: 5-499x10 / s e c 
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Energy resolution of the G S D C as a function of 
counting rate for different anode voltages. 
further investigated by analysing the pulse height spectra for d i f f e r e n t 
l i n e a r gate widths. I f the width of the gate i s increased e x c e s s i v e l y f 
more than one pulse w i l l pass through the gate during a single opening 
and a large integrated pulse w i l l r e s u l t a t the input of the PHA. Pulse 
height spectra obtained for d i f f e r e n t gate widths are shown i n F i g (24) . 
Smaller gate widths produced l e s s d i s t o r t i o n on the pulse height spectrum. 
However, as expected the small gate widths degraded the energy resolution 
of the counter (see F i g (25) ) . 
I n order to estimate the percentage pile-up as a function of 
counting rate, number of pulses which f a l l s beyond t h e K ^ peak was 
measured by operating the PHA i n single channel analyser mode.. F i r s t 
the t o t a l counting rate was measured by keeping the low l e v e l discriminator 
at a l e v e l which discriminates the noise from r e a l pulses and the upper 
l e v e l discriminator a t i t s maximum value. Then the same measurement 
was repeated a f t e r s e t t i n g the upper l e v e l a t the high amplitude end 
of the Co Jc^ peak ( i . e . s e t t i n g i t a t a channel whose accumulated pulse 
height corresponds to 5% of the height of the K a peak), thus discriminat-
ing the p i l e d up pulses. The difference between these two measurements 
i s an approximate measure of the number of pile-up pulses a t that r a t e . 
The percentage pile-up was then obtained by dividing t h i s difference by 
the t o t a l counting r a t e . Following the above procedure,the pile-up 
percentage of the counter system (counter plus ele c t r o n i c s ) was measured 
as a function of counting rate for d i f f e r e n t gate widths. A l l the 
counting rates were measured by connecting the PHA si g n a l output to a 
f a s t s c a l e r . During the counting periods the PHA was operated i n stop 
mode i n which PHA o f f e r s smallest resolving time (3 usee) to incoming 
pulses and the PHA input pulsing rates were much smaller than i t s 
maximum counting speed. Counting rates were also monitored on a f a s t 
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FIG. 24 Pu is * height spectra obtained with different gate widths. 
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FIG. 26 Pileup percentage vs count rate for different 
gate widths. 
s c a l e r (100 MHz) which was d i r e c t l y connected to the f a s t discriminator 
(NE 4684) output. Results of the measurements are shown i n F i g (26). 
The percentage pile-up was found to increase with the width of the gate 
as well as with the counting rat e . Use of a 50 nS gate, for example, 
produced 25 per cent pile-up a t a counting r a t e of 6.25 MHz. I n high 
rate studies however, the pile-up pulses cannot t o t a l l y be eliminated 
since t h e i r existence i s a consequence of the s t a t i s t i c a l nature of the 
length of the time i n t e r v a l between pulses. But t h i s e f f e c t can be 
minimised by reducing the width of s c i n t i l l a t i o n pulses. 
6.8 CONCLUSION 
The r e s u l t s presented i n t h i s chapter have shown that the GSDC 
can be operated s u c c e s s f u l l y with X-rays (6.9 keV) up to the counting 
rate of 6 MHz with an energy resolution around 40%. This value of 
resolution which i s larger than the value obtained with 5.9 keV radio-
a c t i v e X-ray source i s mainly due to I n s u f f i c i e n t monochromatisation of 
the incoming X-ray beam and the electronics used i n data a c q u i s i t i o n . 
However, better energy resolution can be obtained by increasing the anode 
voltage of the GSDC thus producing more photons (and also more secondary 
electrons) at the expense of i t s counting c a p a b i l i t y and gain s t a b i l i t y 
with counting rat e . 
The resolving time of the counter system has been found to vary 
with the anode voltage of the GSDC, i n f a c t under the operating conditions 
stated i n t h i s chapter, the resolving time has varied from 43 nS to 67 nS 
when increasing the anode voltage from 2600 V to 3000 V- At high counting 
rates the performance of the counter was found to degrade due to p i l i n g 
up of s c i n t i l l a t i o n pulses, and the r e s u l t s presented i n t h i s chapter has 
shown that the pile-up e f f e c t s on the pulse height spectrum can be 
reduced by means of proper gating e l e c t r o n i c s . However, a t extremely 
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high counting rates the counting c a p a b i l i t y and the energy resolution 
of the counter are li m i t e d by the s t a t i s t i c a l nature and the width of 
the s c i n t i l l a t i o n pulses. 
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CHAPTER SEVEN 
CONCLUSION AND FUTURE WORK 
7.1 CONCLUSION 
The work described i n t h i s t h e s i s has served two main purposes. 
F i r s t l y i t developed a f a s t X-ray counter which can count up to 5-6 MHz 
with a reasonable energy resolution. Secondly i t provided a compre-
hensive study of the s c i n t i l l a t i o n properties and one of the important 
transport properties, the d r i f t v e l o c i t y , of argon-nitrogen which i s a 
cheap and extremely useful gas mixture. 
The design and operation of d r i f t chambers i n the s c i n t i l l a t i o n mode 
needs c a r e f u l attention since these factors can give r i s e to a poor 
energy resolution through improper l o c a l i s a t i o n of the secondary s c i n t i l l a -
t i o n . S u f f i c i e n t l o c a l i s a t i o n can be obtained however, by passing the 
X-ray beam normal to the cathode planes of a d r i f t chamber and s h i f t i n g 
the passage of the beam away from the anode wire so that the angle formed 
by the paths of primary electrons created close to the cathode planes i s 
small. Large pulse widths which would have resulted from such a design 
can be su c c e s s f u l l y avoided on the application of a l a t e r a l d r i f t f i e l d , 
but the strength of the d r i f t f i e l d must be c a r e f u l l y controlled since 
very large d r i f t f i e l d s can again give r i s e to poor l o c a l i s a t i o n of the 
secondary s c i n t i l l a t i o n process. This kind of operation eliminates the 
p o s s i b i l i t y of formation of two sets of pulses for X-rays converting i n 
the upper and lower halves of the act i v e volume of the counter. However, 
because of the formation of these two sets of pulses* the width of the 
<Ucr«<*$<? of the 
s c i n t i l l a t i o n pulses, which decrease with tofce^distance of the X-ray beam 
from the anode wire, cannot be reduced a r b i t r a r i l y by moving the passage 
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o f the X-ray beam towards the anode wire. The dependence of the width 
o f the s c i n t i l l a t i o n pulse on d r i f t distance and the formation of two 
sets of pulses also unable one to use the counter when the beam passes 
p a r a l l e l to the cathode planes. 
I t i s apparent from chapter s i x that the l i m i t a t i o n s on the 
counting c a p a b i l i t y of the counter a r i s e from the width of the s c i n t i l l a -
t i o n pulses. However, as shown i n the preceding chapter, t h i s I s 
expected when counting randomly spaced pulses at high r a t e s . The width 
of the s c i n t i l l a t i o n pulses can be reduced i n two ways ; 
(1) by increasing the electron d r i f t v e l o c i t y 
and (2) by reducing the l i f e time of metastable s t a t e s . 
The d r i f t v e l o c i t y measurements given i n chapter four indicate 
that argon-nitrogen mixtures with small nitrogen concentrations are not 
su i t a b l e , since the d r i f t v e l o c i t y of electrons i n such mixtures reaches 
saturation l e v e l s a t small v e l o c i t i e s . On the otherhand, addition of 
more nitrogen to argon reduces the s c i n t i l l a t i o n emission from the mixture 
despite the creation of narrow pulses. Results presented in chapter four 
indicate that Ar-10% N 2 i s a s a t i s f a c t o r y compromise which produces a 
s c i n t i l l a t i o n pulse of about 65 nS f u l l width. However, the addition 
o f other molecular gases such as methane also reduces the width of the 
pulse, thus improving the rate c a p a b i l i t y of the counter, but a t the 
expense of the amplitude of the s c i n t i l l a t i o n pulses. Results presented 
i n that chapter also show that the minimum concentration of nitrogen 
necessary to transform most of the argon excited states to nitrogen 
C 3 T T u states i s approximately 4%. The nitrogen concentration i n the 
mixture must not be l e s s than t h i s value i n order to obtain a s a t i s -
factory emission i n the s p e c t r a l region to which the pyrex window 
photomultipliers are s e n s i t i v e . 
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Another parameter which determines the width of the s c i n t i l l a t i o n 
pulses i s the thickness of the s c i n t i l l a t i o n region. Although the width 
of the pulse i s expected to vary with the anode wire diameter, no such 
v a r i a t i o n has been observed up to a diameter of 410 um. This enables one 
to use larger diameter wires (up to probably 500 urn) which provide better 
l i g h t gains for a given charge gain. 
Gain v a r i a t i o n i n the photomultiplier at high counting rate has 
been s u c c e s s f u l l y eliminated by replacing a part of the r e s i s t i v e 
p o t e n t i a l divider chain (which supplies potentials to the dynodes) with 
emitter follower c i r c u i t s . Results presented i n chapter s i x also confirm 
i t s unchangeable behaviour towards random current pulses occurring at 
7 
extremely high rates ( 10 / s e c ) . Although i t i s not s e n s i t i v e to U V 
rad i a t i o n below 3000 X , the R C A 8575 photomultiplier proves i t s e l f 
a r e l i a b l e and stable photomultiplier for high counting rate applications. 
Furthermore the operation of t h i s photomultiplier with the photocathode 
a t a high negative potential i n the v i c i n i t y of an earthed plane did not 
show any noticeable deterioration i n performance. 
According to the r e s u l t s , the energy resolution of the counter 
for 5.9 keV X-rays at moderate counting rates i s about 30%. This value, 
which i s nearly four times as large as the value obtained by Policarpo 
et a l ^ using a GSPC (8.4%) , i s a r e s u l t of the limited charge amplifica-
t i o n around the anode wire and the photon l o s s due to imperfect l i g h t 
c o l l e c t i o n and c o l l i s i o n a l quenching of argon excited s t a t e s by nitrogen 
molecules. Although some improvement can be made by increasing the 
charge amplification around the wire thus producing more photons to 
compensate the l o s s , the space charges created by such an action s h i f t 
the amplitudes of the s c i n t i l l a t i o n pulses to lower values. The 
i n t r i n s i c energy resolution of the counter for 5.9 keV X-rays has also 
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been found to bo 22.4%. 
The a n a l y s i s done on the counting c h a r a c t e r i s t i c s obtained with 
6.9 keV X-rays, shows that the resolving time of the counter at a fixed 
discrimination l e v e l of 25 mV,varies from 43 nS a t an anode voltage of 
2600 V to 67 nS a t 3000 V. This v a r i a t i o n i s due to the change i n width 
of the s c i n t i l l a t i o n pulse above the discriminator threshold l e v e l with 
anode voltage. Hius the smallest possible anode voltage which gives 
s a t i s f a c t o r y energy resolution and counting e f f i c i e n c y must be used as 
the operating voltage of the counter. Use of a low anode voltage has 
the added advantage that i t keeps the space charge density of p o s i t i v e 
ions around the anode at a low l e v e l . However, even at 2800 V on the 
7 
anode wire and an X-ray flux corresponding to an event rate of 2.5 x 10 
per sec, the space charge denoitey around the anode i s l e s s than 2 x 10** ciCc^ 
(2) 
which i s the value required to produce appreciable space charge 
e f f e c t s . The space charge density corresponding to the above mentioned 
anode voltage has been calculated using the expression given i n chapter 
three• 
The following values have also been used for parameters i n the expression 
M = 15 N - 230 ion p a i r s a = 205 ym, b = 4.5 mm, L = 0.2 mm, 
2 -1 -1 
p « l atm, and p - 1.6 cm V s . The gas amplification factor of 
m\JL 
the GSDC at an anode voltage of 2800 V and d r i f t f i e l d of 500 V/cra has 
been derived by using the corresponding value obtained for the GSPC 
(see Pig (28) of chapter four) and correcting i t for the d r i f t f i e l d 
using F i g (22) of chapter three. 
During the course of t e s t s the counting e l e c t r o n i c s have not 
shown any l i m i t a t i o n s i n t h e i r performances up to the counting rates 
reached with t h i s detector. This i s expected since the resolving 
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time of the detector i s larger than the pulse p a i r resolution of a l l 
the e l e c t r o n i c modules used i n the counting c i r c u i t r y . Results a l s o 
indicate the successful operation of the e l e c t r o n i c system employed to 
obtain the energy resolution of the counter a t high counting r a t e s . 
However, the gating system degraded the energy resolution to a small 
extent depending on the width of the gating pulse. This i s due to the 
s e t t i n g of a gate width, which i s l e s s than the width of the s c i n t i l l a -
t i o n pulse. 
Results of the present study also revealed a number of important 
s c i n t i l l a t i o n properties of argon-nitrogen mixtures. Most of the 
s c i n t i l l a t i o n emission from pure argon occurs i n the UV region for which 
the spectral response of pyrex window-photomultipliers i s poor. Once 
nitrogen i s added to argon some of the argon excited states t r a n s f e r 
t h e i r energy to nitrogen molecules to produce the N (C) states some of 
which subsequently decay to the ground s t a t e , emitting photons i n the 
v i s i b l e region. The r e s t decay through c o l l i s i o n a l deactivation processes. 
The f r a c t i o n of the excited states which de-excite through c o l l i s i o n a l 
deactivation processes increases with increase i n nitrogen concentration, 
r e s u l t i n g i n a drop i n the s c i n t i l l a t i o n pulse amplitude. This phenom-
enon occurs both i n primary and secondary s c i n t i l l a t i o n processes. 
However, during the secondary s c i n t i l l a t i o n process the number of secondary 
electrons produced around the anode wire also reduces with increase i n 
nitrogen concentration, r e s u l t i n g i n a further drop i n the amplitude of 
s c i n t i l l a t i o n pulses. This drop can be compensated for by increasing the 
anode voltage and once t h i s has been done the r e s u l t s (presented i n 
chapter four) indicate s i m i l a r v a r iations i n both primary and secondary 
s c i n t i l l a t i o n pulse amplitudes with nitrogen concentration. 
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7.2 FURTHER DEVELOPMENTS 
Further developments of the counter are possible i n many areas. 
According to the r e s u l t s of the present study, the major l i m i t a t i o n to 
the counting c a p a b i l i t y of GSDC's a r i s e s from the width of the s c i n t i l l a -
t i o n pulse. One of the methods with which a reduction i n the width of 
the s c i n t i l l a t i o n pulse can be made i s to use argon-nitrogen mixture 
with a small percentage of another powerful quenching gas. Some of these 
quenching gases are l i s t e d i n Table 4.1 of chapter four. For example the 
metastable argon quenching rate constants of CX^ and CH^ are of the order 
of magnitude greater than that of the nitrogen and therefore a small 
quantity of these gases would be s u f f i c i e n t to reduce the width of 
s c i n t i l l a t i o n pulses to some extent. Loss of pulse height r e s u l t i n g 
from such an addition can p a r t i a l l y be compensated for by increasing the 
e f f i c i e n c y of l i g h t detection using a f a s t wavelength s h i f t e r such as 
para-quaterphenyl. Use of a wavelength s h i f t e r has the additional 
advantage that i t can convert the UV resonance radiation emitted by 
excited argon atoms into v i s i b l e l i g h t . Though expensive, the use of 
xenon, which provides the largest l i g h t output per unit energy l o s s of 
an io n i z i n g p a r t i c l e (see table 2.1 of chapter two) i n a GSDC, with 
a molecular gas may be advantageous for high counting studies since 
narrow s c i n t i l l a t i o n pulses can be obtained from such a gas mixture by 
s a c r i f i c i n g a considerable f r a c t i o n of i t s l i g h t amplitude. However, 
the width of the s c i n t i l l a t i o n pulses cannot be reduced a r b i t r a r i l y only 
by adding molecular gases. This i s because the width of the s c i n t i l l a -
t i o n pulse i s not only a function of the l i f e times of the excited s t a t e s 
but also depends on the thickness of the secondary s c i n t i l l a t i o n region. 
The l a t t e r i t s e l f provides a major contribution to the resolving time 
of the GSDC, which determines the ultimate counting rate of the counter 
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(see equation 6.17 of chapter s i x ) . I t i s also worth i n v e s t i g a t i n g 
d i f f e r e n t counter geometrios e s p e c i a l l y ones i n which the nxls of the 
photoraultiplier I s perpendicular to the d i r e c t i o n of the i o n i s a t i o n beam. 
Although the present structure i s the simplest of a l l possible designs, 
counters with the proposed geometry can be used as track locating 
detectors i n high energy physics experiments. The geometry also 
prevents accidental exposure of PM tube to extremely high intense and 
energetic i o n i s i n g beams. 
7.3 APPLICATIONS OF THE GSDC 
The main motivation behind the development of t h i s counter i s to 
provide a f a s t counting device for the 'extended X-ray absorption f i n e 
s t r u c t u r e 1 (EXAFS) studies. With the recent a v a i l a b i l i t y of synchrotron 
radi a t i o n , there has been a renewed i n t e r e s t i n the use of X-ray absorp-
t i o n studies to determine interatomic distances. A 2 GeV electron 
storage ring i s being b u i l t a t the Daresbury Laboratory to provide a 
dedicated source of synchrotron r a d i a t i o n . This f a c i l i t y , the 
commissioning of which i s programmed for A p r i l 1980, i s expected to 
produce a continuous spectrum extending from i n f r a r e d through the u l t r a -
v i o l e t into the X-ray region. The i n t e n s i t y of the beam i n X-ray region 
13 
w i l l be around 10 photons/sec/m rad (horizontal) i n 0.1% bandwidth 
(see F i g 1 of chapter one). 
The extended X-ray absorption fi n e structures which appear on the 
high energy side of the absorption edges i s believed to be the r e s u l t of 
the interference between the outgoing photoelectron and the component 
back scattered from neighbouring atoms. Such a spectrum showing fi n e 
structure on the copper K absorption edge i s shown i n F i g 1. The 
amplitudes of these o s c i l l a t o r y structures seem to be small and therefore 
the main experimental d i f f i c u l t y i n an EXAFS experiment i s that the t o t a l 
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F I G . 1 Measured K-shell absorption coefficient, 
H K (E ) , is plotted versus x - ray energy, 
E , for copper at 80K. 
absorption c o e f f i c i e n t must be measured to very high accuracy. This 
would require both the random and systematic errors i n counting to be 
l e s s than 0.1% of the t o t a l absorption c o e f f i c i e n t for some experiments* 3* . 
Therefore i t i s necessary to count a t l e a s t 10 6 photons to achieve adequte 
accuracy. However, an even larger number of counts are necessary i n 
order to obtain the f i n e structure at a distance of a few hundreds of 
eV from the absorption edge where the v a r i a t i o n s are very small indeed. 
Monochromatisation of the radiation beam creates another 
d i f f i c u l t y e s p e c i a l l y when using synchrotron radiation for EXAFS studies. 
The monochromators such as double c r y s t a l arrangements used i n the energy 
s e l e c t i o n generally transmit not only the fundamental wavelength (A) but 
also the harmonics ( j , J ) • I n order to eliminate these 
harmonics i n an EXAFS experiment, the detector used to c o l l e c t transmitted 
photons must have ei t h e r an energy resolution better than 50% or some other 
property such as 'poor absorption c o e f f i c i e n t for high energy photons'. 
Although proportional counters and s o l i d s c i n t i l l a t i o n counters have both 
of these properties, because of counting rate l i m i t a t i o n s , they need 
considerable c o l l e c t i o n times before acquiring the accuracy demanded 
by such studies. 
At present s o l i d s c i n t i l l a t i o n counters* 3' 4* i o n i s a t i o n 
chambers*^' 6* and proportional counters* 3* are used i n EXAFS studies. 
Although i o n i s a t i o n chambers have no energy resolution for X-rays and 
cannot provide a d i g i t a l output, they are the only detector so f a r which 
can be used e f f i c i e n t l y to measure fine structures i n d i l u t e samples such 
as aqueous solutions i n which the absorption of X-rays i s small. i n 
(4) 
the case of s o l i d s , the count r a t e s used by Martens e t a l and Knapp 
et a l * 3 * i n t h e i r EXAFS investigations with a Nal (Tfc) s c i n t i l l a t i o n 
detector were of the order of 10 5 counts/sec. Results of the present 
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study show that the counting a b i l i t y of a GSDC with a reasonable energy 
resolution i s at least 50 times better than those which can be obtained 
from proportional and sol i d ( Nal) s c i n t i l l a t i o n counters. Use of thi s 
new device i n an EXAFS experiment should therefore be more advantageous 
than other detectors which could provide a d i g i t a l output. 
Possible EXAFS work using the GSDC should include metals and 
solid metallic compounds whose K shell electron energies are such that 
the ranges of the photoelectrons ejected from the K shell of the absorb-
ing gas are small, preferably less than 1 mm, since larger ranges produce 
wider secondary s c i n t i l l a t i o n pulses. 
TABLE 7.1 
X-ray energy (keV) 5.9 8.64 11.22 14.16 22.6 24.47 
Photoelectron mean 
range R (mm) 
0.059 0.23 0.51 0.97 3.35 4.73 
For example, "table 7.1 shows the variation i n range of photo-
electrons i n argon with energy of the incident X-rays. The GSDC with 
an argon-nitrogen gas mixture can therefore be used s a t i s f a c t o r i l y up to 
a incident X-ray energy of 15 keV. This enables one to study the fine 
structures of metals such as iron and copper up to chromium (K , =14.32keV) 
abs 
i n the perodic table, using the GSDC. 
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Appendix 1 
Operating parameters and resistance values of the potential 
divider chain. 
Total current through the chain =3.4 mA 
Emitter current through T r = 1.12 mA 
Rx 108 K ( a l l 2 Watts) 
R2 38 K 
R3 53 K 
R. 38 K 4 
R5 38 K 
38 K 
6 
R 82 K 
R? 40 K 
R. 39.5 K o 
R9 39.0 K 
«io 5 7 K 
R u 75 K 
• u 7 4 K 
73 K 
R 1 4 72 K 
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